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Reinforced Concrete 


Lock Joint’s four designs of reinforced 
concrete pressure pipe answer any prob- 
lem in the field of large-diameter water 
supply conduits. 


All of these designs may be equipped with 
Lock Joint's flexible, self-centering Rubber 
and Steel Joint, which simplifies installa- 
tion and reduces the initial cost of laying 


the line 


LOCK JOINT PIPE COMPANY 


Est. 1905 

P.O. Box 269, East Orange, N. J. 

PRESSURE PIPE PLANTS: Wharton, N. J, 
Turner, Kans., Detroit, Mich. 
BRANCH OFFICES: 

Cheyenne, Wyo. «+ Denver,Colo. « Kansas 
City, Mo. * Valley Park, Mo. * Chicago, 
Ill. « Rock Island, Ill. « Wichita, Kan 

Kenilworth, N. J]. « Hartford. Conn. 


Lock Joint Reinforced Concrete Pressure 
Pipe is made in all standard diameters 
from 16"" up, and will withstand any pres- 
sure common to American water works 
practice. 


* * 


Your inquiry at any of the Company’s 
offices will receive a prompt reply. 


SCOPE OF SERVICES--Lock Joint Pipe Company specializes in the manufacture and installation 
of Reinforced Concrete Pressure Pipe for Water Supply and Distribution Mains in a wide range 
of diameters as well as Concrete Pipe of all types for Sanitary Sewers, Storm Drains, Culverts 
and Subcqueous Lines. 
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Why TRIDENT Meters LAST LONGER 


KEEP THR 


‘NO SCREWS 


50 YEARS OF 
/NTERCHANGEABILITY 


HE simplicity and the solid construction 

of the Trident Register is typical of the 

entire Trident Meter. Made of the finest ma- 
terials; gauged, checked and rechecked for abso- 
lute accuracy at every point in their production, 
these rugged precision instruments retain their 


high accuracy during many years of operation. 

You can’t beat Trident Meters for 
maximum revenue and minimum main- 
tenance costs. 


NEPTUNE METER COMPANY * 50 West 50th Street * NEW YORK 20, N. ¥. 
Branch Offices in Chicege, Sen Francisco, Los Angeles, Pertlend, Ore., 
Denver, Delles, Kenses City, Levisville, Atlante, Boston. New improved 
NEPTUNE METERS, LTD., Long Bronch, Ont, Conede ports in old 
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Who benefits from Quality Control ? 


What is Quality Control? What does it do? How does it 
function? Whom does it benefit? 


First and foremost, a quality control operation benefits 
the customer. It also benefits the manufacturer. It pro- 
vides assurance to management that the quality level of 
production is equal to, and generally in excess of, the 
standard specification. 


Take us, for example. We manufacture cast iron pres- 
sure pipe in accordance with quality control specifications 
that are more comprehensive and exacting than the ac- 
cepted technical specifications or customer's specifications 
under which pipe is purchased. 


The first step in Quality Control is that of establishing 
company standards for both process methods and the 
physical and chemical properties of the product. 


The next, backing-up step is establishing inspection 
procedures using statistical sampling techniques. These 
procedures extend from raw materials to finished product. 


The final step is to have our Quality Control Dept. es- 
tablish a group of facts in statistical form and analyze 
them for the purpose of removing quality standards from 
the realm of opinion into that of organized facts. 


Production testing laboratories in our various plants are 
the tools for evaluating these quality standards. 


U.S. Pipe & Foundry Co., General Offices, Burlington, 
N. J., America’s largest producer of cast iron pressure pipe. 
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“QUICK EXECUTION 


OF THE JOB WAS 


ESSENTIAL” 


KaM “CENTURY” 
ASBESTOS-CEMENT PIPE 


DID IT GOOD ’N’ FAST! 


Gatlinburg, Tennessee, is the 
“Gateway to the Great Smoky 
Mountains.’” Much local and 
regional trade depends on tour- 
ist traffic. The use of K&M 
“Century” Asbestos-Cement Pipe 
for the new water mains resulted 
in a minimum of obstruction 
to travel and business during 
installation. 


Here is the good report: The 
pipe’s light weight “eliminated 
use of heavy laying equipment” 
(saving cost, needless tie-ups and 
business slowdown). ““Ease with 
which the pipe was tightly joined 
with ‘Century’ Simplex Cou- 
plings permitted backfilling the 


trenches immediately and greatly 
contributed to fast installation.” 


So the whole region gained, and 
now the taxpayers will be spared 
the inconvenience and mainte- 
nance expense resulting from 
corrosion, tuberculation and elec- 
trolysis. Inherently free of those 
old drawbacks, K&M “Century” 
Pipe keeps flow area, friction 
factor, and pumping cost at their 
initial figure! More than a match 
for the stresses of earth settle- 
ment and traffic vibration, this 
modern K&M type of main 
actually strengthens with age. 
Wherever used it makes the job 
go faster—better—and pays the 
public. Write us for data. 


made hsbestos... 
Keasbey & Mattison has made it serve mankind since 1873 


KEASBEY & MATTISON 


COMPANY+ AMBLER + PENNSYLVANIA 
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COMING MEETINGS 


A.W.W.A. 1950 ANNUAL CONFERENCE 
Philadelphia, Pa. 
May 21-26 


Reservation forms have been mailed to all members, and al! reser- 
vations will be cleared through the A.W.W.A. office. The 
hotels have agreed to accept no reservations for the 1950 Con- 
ference except as they are requested on the standard form pre- 
pared by tte AW. WA 


Accommodations at Eleven Hotels 
All Technical Sessions and Exhibits at Convention Hall 


February 15 New Jersey Section Luncheon at Essex House, Newark. 
Secretary: C. Tygert, Box 178, Newark 1, 

March 16 —New England Section business meeting. Secretary: R. H. 
Factory Mutual Div., 184 High St., 
Boston 10. Mass 


New York Section at Hlotel Sheraton, Rochester. Secre- 
tary: R. K. Blanchard, Vice Pres., Neptune Meter Co., 
50 W. 50th St... New York, N.Y 

\rizona Section at Safford. Secretary: Mrs. Helen Rott 
haus, San. Eng. Div., State Dept. of Health, Phoenix, Ariz. 
Canadian Section at General Brock Hotel, Niagara Falls 
Secretary: A. E. Berry, Dir., Ontario Dept. of Health, 


Parhament Bldgs., Toronto 2, Ont 


Hlinois Seetion at LaSalle Hotel, Chicago. Secretary 
Carl N. Brown, Western Sales Mgr., U.S. Pipe & Foundry 
(o., 122 S. Michigan Ave., Chicago 3, III 

Kansas Section Secretarv: H. W. Badley, Repr., Nep 
tune Meter Co., 640 Highland St., Salina, Kan. 

Montana Section at Florence Hotel, Missoula. Secretary 
C. W. Brinck, Montana State Board of Health, Helena, 
Mont. 

Indiana Section at Purdue Univ., Lafayette. Secretary: 
C. H. Bechert, Dir., Div. of Water Resources, Ind. Dept 
ot Conservation, 445 N. Pennsylvania, Rm. 200, Indianapo 
lis 4, Ind. 


Paciiic Northwest Section at Tacoma, Wash. Secretary 
Newman, Boise Water Corp., Boise, Idaho. 


Vill 


30-31 
31-Apr. 2 
April 3-5 

12-14 
20-21 
21-22 

26-28 


Acidizing of the limestone core above produced 
the enlarged passages shown in the right hand 
photograph. The photographs below, token 
with a subsurfoce camerc, show the screen in o 
grovel-packed well before and after acidizing 
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FEET OF DRAWDOWN 


Drawdown Curves showing the advantages which have 
been obtained from proper chemical treating of water wells, 


Scale incrustations and corrosion products 
on the well screen, pump, tubing and face 
of the producing formation will cut down 
the output of your water well. Dowell 
Acidizing Service is designed to remove 
these water-stealing deposits easily and 
quickly. Also, production may be increased 
due to enlargement of the water passages 
in the formation itself. 


Case histories of many Dowell serviced 
wells show excellent results. For example, 
in a 1900 foot deep water well, calcium 
carbonate and iron oxide incrustations on 


DOWELL INCORPORATED 


the slotted liner had cut production to 
65 g.p.m. After Dowell service, the well 
produced 632 g.p.m.—an 872% increase. 


Dowell Acidizing Service requires a mini- 
mum amount of mechanical work since 
pulling of the pump or the screen is usually 
unnecessary. Experienced Dowell engi- 
neers do the entire treatment — using mo- 
bile equipment, they bring the proper 
solvents to the well site along with all 
necessary pumps, mixers and_ control 
equipment. Your nearest Dowell office 
will be glad to give you complete infor- 
mation and free cost estimates. 


TULSA 3, OKLAHOMA 


SUBSIDIARY OF THE DOW CHEMICAL COMPANY 


New York 26 Buftale ? Kansas City 8 Mt. Pleasant, Mich. 

Boston 16 Cleveland 13 Wichita 2 Hami!ten, Ohie 

Philadelphia 2 Pittsburgh 18 Oklahoma City? Charleston 27, W. Va. 

Baltimore 18 Detroit 2 Houston 2 Salem, 

Wilmington 99 Chicago 2 New Orleans 12 Borger, Texas 

Richmond 19 St. Louis 8 Ft. Worth 2 Midiand, Texas 

Jacksonville indianapolis Shreveport 23 Wichita Falls, Tex. ; 
Atlanta Louisville Anniston, Alabama _Latayette, La. 


Long Seach, Oakland, Casper: Dowell Associate-international Cementers, tac. 
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| THE GOOD EARTH 


can turn up as a bad taste 
in your water supply 


Don't jeopardize your hard 
earned consumer goodwill by let- 


ting vile tastes and odors slip into 


your water supply. You should 
anticipate these sudden taste and 
odor outbursts by stocking an ade- 
quate supply of Aqua Nuchar Acti- 
vated Carbon. Then, by frequently 
conducted Threshold Odor ‘Tests 
you can determine the exact quan- 
tity of Aqua Nuchar necessary to re- 
move the objectionable taste or odor. 


The Threshold Odor Test sup- 
plies a relatively simple means of 
measuring odor intensities in water. 


With this test it is possible to 
determine the quantity and the 
quality of activated carbon which 
will be most effective for removing 
unwanted tastes and odors from 
any individual water supply. 


Water works officials are invited 
to write to our nearest sales office 
for complete information regarding 
the Threshold Odor Test. Water 
purification experts from our Tech- 
nical Service Department are avail- 
able to study your taste and odor 
problems without cost or obliga- 
tion. 


CHEMICAL SALES 
division west virginia pulp and paper company 
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BREAK-POINT HELPS THIS WEST COAST WATER WORKS 


Typical of what Break-Point Chlorination can accomplish is this case history. 


A 1% mgd. west coast water works using an impounded supply was troubled 
by summertime odors so acute that settling basins had to be washed almost continuously, 
while in the winter, color ran as high as 600 ppm. To overcome these troubles, several 
treatment methods were tried—unsuccessfully. Then W&T Engineers, in cooperation 
with the plant staff, carefully analyzed the situation. At their suggestion, the Break- 
Point Process was employed, using W&T Chlorinators for pre-chlorination. With this 
treatment, according to a report by staff members, color troubles, together with com- 
plaints concerning iron and manganese stains, were eliminated; filter runs increased ; 


and summertime odors cut almost to the vanishing point. 


In addition to such direct chlorination benefits, when 
you call on W&T you have the added assurance of W&T's 35 
years of chlorination experience—a full line of chlorinators from 
which to choose—the backing of extensive research and develop 
ment facilities—and finally, a top-notch, alert field organization 


at your call for prompt service and technical assistance 


For more details, ask your nearest W&T Representative 


—he'll be glad to help you. 


WALLACE & TIERNAN 


COMPAN 7) IN _. Recorder is especially valuable 
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Machine Billing at Atlanta 
By Paul Weir 


A paper presented on June 2, 1949, at the Annual Conference, Chicago, 
by Paul Weir, Gen. Mgr., Water Dept., Atlanta, Ga. 


P' ISTCARD bilhng inaugurates a 
new era in the billing and account- 
ing procedure of the Atlanta Water 
Works. The new mechanized billing 
system, which replaced a 25-year-old 
plan, has been adopted in order to 


render more adequate service to the 
customer, absorb normal yearly in- 
creases in accounts and provide the 
department with statistical data at a 


substantial overall saving. 

The new resulted from a 
study of four different billing and ac 
counting procedures over a period of 
two The International Busi- 
ness Machine method and equipment 
were chosen to handle Atlanta’s 85,000 
monthly accounts, comprising 23 zones, 
each with ten routes listing 300-350 
customers. 

The following IBM * equipment was 
installed : two Alphabetic Key Punches, 
an Interpreter, two Alphabetical Ac 


system 


years. 


* International Business Machines Corp., 


New York. 


Machines, a Reproducing 
Summary Punch, a Collator and a 
Sorter. In addition, a Moore? 
Burster and a Moore + Imprinter were 


counting 


installed. 


Method of Conversion 

A carefully prepared program, in- 
cluding an outline of procedure, was 
developed before converting the city’s 
hand-delivered water bill system to the 
new postcard method. This prelimi- 
nary work proved to be of inestimable 
value as the new program developed. 
It was demonstrated, that 
there is no substitute for experience. 
Most of the conversion problems were 
found to be normal for this type of 
change. For instance, a sampling of 
names and addresses in the various 
service zones indicated that discrepan 
cies existed. In one instance, a man 
was receiving his water bill in his 
grandfather’s name. Another bill was 


however, 


* Moore Business Forms, Inc., Southeast- 
ern Div., Eastern Area, Atlanta, Ga. 
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being forwarded to a former customer 
A fairly 
simple plan was evolved to imsure cor- 
rect 


who had moved to France 


customers’ names and addresses. 
\ manually applied stamp was affixed 
to the old form of water bill prior to 
the requesting the ad 
“Mr. Garner” if 
name or street address of the ac 
The tele 


phone number of the water works busi 


changeover, 
are ssee 
the 


count served was incorrect 


to telephone 


ness office was given. Garner is the 
the 


was used merely to indi 


supervisor ot service department, 


but his name 


wM & HICKS | 


2.99299 


555555 
o 


On 
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The last hand-delivered water bill 
carried a Willing Water message an- 
nouncing that the customer's next bill 
would be mailed to him on a penny 
postcard. 

Three former IBM key punch op- 
erators were temporarily employed to 
punch master name and address cards 
and help convert the old system to the 
thus 


facilitating 


new, materially expediting and 
the changeover. <A 


gram of personnel training was devel- 


pre )- 


order that a majority of the 


oped, 


employees in this department might at- 


- o 


at 


z 
° 
* 


| eaoss 


OF ADDRESS Pace 


amount 


Master 


te that a customer desired to correct 
The telephone 
receptionists were instructed to channel 
all calls for “Mr 
clerks designated to handle this phase 
of the 


his name or address. 


(;arner” to him or to 


work, and each cle rk was sup 


plied with a address” 
to facilitate handling calls 
100 changes 
for a 60-day period 
method was 


bills 


0.5 


“change ot pad 
\pproxi 
mately were made 


The 


demonstrated 


daily 
value of this 
the 


less 


when 


new were first mailed out, 


than per cent being returned for 


incorrect name or address. 


Name 


we 


Punch Card 


IBM 


The intensified training period devel- 


tend classes at the local school 
oped confidence and skill in the opera- 
tion of the highly mechanized equip- 
ment. The training period was in prog- 
ress three months before the machines 


were installed, during which time de- 
tailed procedure manuals were devel- 
oped for each operation and operator. 
\ scientific motion study was made of 
the available space in which the ma 
to be 


rangement was devised which afforded 


chines were placed, and an ar- 


an uninterrupted flow of the work from 
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meter book readings to the completed 
bill (see Fig. 5. p- 0). 

Supervisory personnel during the in- 
augural period were furnished by IBM. 
Five months were required in the con- 
version process, the last two of which 
included the complete installation and 
operation of all machines. 


Billing Method 


In order to set up the mechanical 
the name and address 
of each account must be punched on 


ii 


33/333 


billing system, 


APPROVED BY 


3 
= 
i 


‘om 


Fic. 2. 
separate master punch cards. The 
master name punch card (Fig. 1) con- 
tains the name of the account ; the serv- 

the meter book and 
number; an office code 


ice zone number; 


page 
and data regarding the class and num- 


number ; 
ber of rates and the meter size, which 


determine the unit rates. The master 
address punch card contains the same 
items, except that the address is shown 
in place of the name. An Alphabetic 
Key Punch is used to punch this in- 
By means of 


formation on the cards. 


the Interpreter, the data on each card 
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ssssiss 


Master Rate 


RILLING 3 


are also automatically printed in let- 
ters at the top. 
In addition, a 
revenue punch cards (Fig. 2 
prepared. Each such card 
the previously computed gross and net 


rate 
2) must be 


set of 
contains 


charges for a specific quantity of water 
at a particular rate. (Any or all of 
the items punched on a set of master 
cards can be reproduced automatically 
on another set of cards. ) 

Each month an advance card file is 
automatically created the 
vious month's billing. advance 


from 


The 


pre- 


22222 
33333 


66666 


| 


‘ ‘ 


Punch Card 


billing card contains the same informa- 
tion as the master address card, plus 
the previous meter reading. The pres- 
ent meter reading and the computed 
consumption for the month are then 
punched on the card. 

The billing 
through the 
Machine, 
and 


cards are next 
Alphabetical 
which checks 
the the key 
punch operation and the computation 
of monthly Afterward 
the cards are put through the Sorter 
which arranges them according to rate 


run 
Accounting 
automatically 
proves accuracy of 


consumption. 


| | 
| 
. 
sven “vee 9 
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classification, grouping together all count number sequence (zone-book- 
cards with the same consumption page number), are then merged by the 
figure. Collator with the master name cards 

It is then necessary to insert in the 
proper place in the billing card file the 
master rate card applying to each con 


sumption group. ‘This operation, called = quence. 
when the postcard bills are run off, the 


billing side and the name and address 
side of each card will show informa 
Using the 


(similarly arranged), to ascertain that 
there is a billing card for each account 
and that both sets are in proper se- 
This operation assures that, 


“merging,” is performed by the Col 
lator. When the billing and rate cards 
have been merged, the Reproducing 
Summary Punch is used to duplicate,on tion for the same account 


the billing cards, the gross and net con Alphabetical Accounting Machine, se 


ROUTE BOOK CONTROL 
- @- 
i 
Ne 
a/ a2 25 ze ar as “7 TOTAL 
+ + + + + + + 4 
| af 4 
+ + + + + + — 
| 
Fic. 3. Route Book Control Sheet 


surnption charges previously punched lected data trom the cards are listed 


on the master rate cards \pprox on a billing register, which provides 
imately 6,000 rate cards divided all of the information needed for pre 
equally between inside cit) and out- paring duplicate bills and answering 
side city rates——are used to handle 99 — inquiries 

per cent of all the accounts This step The two \lphabetical \ccounting 
completes the data to be punched on Machines (Fig. 4) now perform the 


the billing cards. A control list is then function of printing the postcard bills 


run on metere d water, fire service, bal In a Ste addy flow, the postcard stock 
ance due and miscellaneous charges, and name and address cards pass 
and a “route book control sheet” (Fig through the machines, which print at 
3) is prepared. the rate of 80 lines per minute. A 


The billing cards, re-sorted into ac similar procedure is followed in print 


t 
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ing the billing side of the card. Dur- 
ing the operation, the amounts billed 
are accumulated for verification to the 
amounts previously entered on the zone 
route book sheet. It requires from two 
to four punched cards to produce each 
postcard water bill, depending upon the 
use of a service address or additional 
addresses. 

The completed continuous-form post- 
cards are next run through an Im- 


Fic. 4. Alphabetical 
printer which affixes net and gross pay- 
able dates and the monthly Willing 
Water message. Finally the postcards 
are processed through a Burster, where 
the marginal perforations are trimmed 
and the cards separated and stacked for 
mailing. 

The following month’s advance cards 
are now automatically reproduced by 
means of the Reproducing Summary 
Punch so that 


which is set up one 


MACHINE 


BILLING 


month’s present reading becomes the 
next month’s previous reading in the 
advance billing cards. The accounting 
cards from which the postcard bills 
were run now become the accounts re- 
ceivable cards. As the stubs from the 


postcard bills are received, indicating 
payment, the corresponding punched 
cards are pulled from the file and are 
later run through the accounting ma- 
chines to prepare cash payment lists 


Accounting Machines 


and balance. Cards remaining in the 
accounts receivable file after the expira- 
tion of a ten-day net-payment period 
are merged with their corresponding 
master name cards and the delinquent 
Any cards remaining in 
the file for a given zone at the time of 
the next billing are considered as bal- 
ance due cards and are included with 
the metered-water billing cards, so that 
a complete bill is printed each month. 


notices listed. 
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All delinquent notices are mailed in 
3¢ envelopes. 

The detailed cards which have served 
as billing and accounts receivable rec- 
ords will also be used for rate stuches, 
revenue and consumption analyses and 
In addi 


the master name 


other valuable information 
tion to these studies, 
and address cards will be used in pre 
paring new meter books. 

Figure 5 shows a portion of the of 


Atlanta Water Works Bill 


fices of the 
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right of the photograph are the control 
desk and filing cabinets. The row of 
cabinets separates the billing machines 


section from the mailroom. 


Postcard Bill 


The postcard bill is a combination 
customer’s bill and cashier's stub (Fig. 
6). It is lightly perforated to facilitate 
stub removal. The customer portion 
of the postcard shows previous and 


present meter readings, cubic feet of 


— 


long the left wall, from 
arranged the Alpha 
Inte rpreter, the 


Ing Dept 
tront to rear, are 
bet Punch, the 
Sorter, the Collator and the Reproduc 


The two \lpha 


mcy 


ing Summary Punch 


betical Accounting Machines, shown in 
Fig. 4, may be seen against the far 
wall, with a plugboard rack between 
them. To their right, also against the 


but out of the picture, are the 
Burster At the 


lar Wall 


ter and the 


Billing Department Office 


water consumed, gross and net charges, 
net-bill payable date, inside and outside 
city rate, size of meter, number of rates 
and exact days of service rendered. A 
brief rate summary is also given in 
order that domestic users may calculate 
A charge code is 
included which indicates other miscel- 


their own water bill. 


laneous charges for service rendered. 
On the stub side of the bill are the zone, 
book and page listing, the gross and 


~ 
| ° 
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GOMITCHELL STREET S w CITY 
ATLANTA 3. GEORGIA 


ATLANTA WATER WORKS 


ATLANTA WATER WORKS 
WATER BILL 
WATER SERVICE RENDERED TO PROPERTY 
ADORESS GIVEN ON REVERSE 


MALL 


HUNDREDS 
Cusic FEET 


Ter 
METER REA s 
PREVIOUS SENT 


ZONE} BOOK PAGE 


1255|(1263 8 


NET BILL PAYABLE 


MAY 191953 


NUMBER 
oF 


s SERVICE PERIOD 
FROM To 
RATES Day “oO 


01 4\09| 5/09 


4 F420) 1312 


GROSS BILL 
OUE AFTER 


MAY 


™ 


GROSS 


3 


| 


CITY OF ATLANTA WATER SERVICE 
MINIMUM MONTHLY RATE 
cu FT $100 
EACH ADOITIONAL 100 CU FT 264 
OuT OF CITY MATES ARE DOUBLE 


PLEASE RETURN THIS STUB 
WITH REMITTANCE 


Fic. 6. Postcard 
net charges and the date after which 
the gross bill is due. The front side of 
the posteard, the address portion ( Fig. 
7), contains the name and address of 
the customer with a space for the serv- 
address if desired; the book and 


On the stub 


ice 
page is also indicated. 


Bill—Billing Side 


portion of the front of the postcard is 
printed the monthly Willing Water 
message to the customer. 

The postcard is of white paper stock, 
representing purity of water, and all 
printing is in blue, the color of water. 
The total result is a pleasing and utili- 


RETURN iN FIVE DAYS TO 
ATLANTA WATER WORKS 
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tarian water bill. The postcard bill 
forms, printed by the Standard Reg- 
ister Co. of Dayton, Ohio, are furnished 
in continuous, accordian-fold form. A 
nonmetered mail permit is used, the 
postage indicia being printed on the 
card when the stock is prepared. An 
advance postage account is established 
at the post office by a deposit against 
which daily mailings are applied, with 
one cent deducted for each postcard 
bill mailed 

All incoming and outgoing mail is 
handled at a central mailroom located 
in the billing department. This room 
is modern in every respect, and even 
has a mechanical envelope 
More than 1,500,000 pieces of mail are 
handled annually. All mail, whether 
inbound or outbound, is weighed before 


opener 


processing, a precaution which has elim 
inated many errors. A relatively unt 
form schedule of work has been de 
veloped by handling inbound mail in 
the morning and outbound in the after 


noon 


Conclusion 


The IBM punch card system of the 
Atlanta Water Works is the cumu 
lative result of a series of caretully 
timed and synchronized mechanical op- 
erations 
skilled technicians scheduling an even 
flow of billing throughout the entire 
month from meter readings to the com 
pleted postcard bill Peaks and 


work periods are materially reduced by 


Its success depends upon 


low 
this system. The new billing system 
automatically computes the bills, checks 
for errors and prints the customer's 
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name and address, billing data and 
Willing Water message on the bills. 
[t counts the summarizes 
water use and revenue derived, copies 


customers, 


meter reading sheets and compiles a 
multiplicity of valuable data and in- 
formation manual ef- 
The department’s business has 


with minimum 


fort. 
been placed upon a new plane of effi- 


ciency and dispatch. All accounts are 
balanced daily, as in banking practice. 
The department believes its new post- 
card billing system will continue to win 
friends and please the taxpayer. 
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Making Annual Reports Interesting 
By E. B. Mayer 


A paper presented on May 30, 1949, at the Annual Conference, Chi 


cago, by E. B. 


Angeles. 


N annual report is an official state- 

ment of facts pertaining to the 
utility’s activities and consists of many 
pages of printed matter, supported by 
diagrams, graphs, tables and pictures 
the purpose of which is to illustrate 
more clearly the subject matter of the 
report. Aside from laws or charter 
provisions requiring its publication, the 
most important reason for printing an 
annual report is its value from the ad- 
ministrative point of view: first, it re- 
cords for historical and reference pur 
poses the activities of the utility; and, 
second, it provides a medium through 
which public relations can be main- 
tained. 

It is evident, then, that an annual 
report should be carefully written and 
edited. The printing and publishing of 
an annual report should receive the same 
care as is given to engineering publi- 
cations, for, in one sense, it ts such a 
publication. The difference that 
engineering publications are technical, 
dealing with practices, methods and 
procedures peculiar to the engineering 
profession, while an annual report deals 
with technical subjects and fiscal and 


1s 


historical data, which it records as a 
series of events having dramatic unity 
and interest. 

Water utilities, as a rule, spend very 
little money on advertising the use and 
benefits of a pure and wholesome wa- 
ter. Compared with the amount of 
money and space spent to advertise par- 
ticular brands of commercial products, 
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water, despite its importance to the 
community and the many interesting 
features involved in its production and 
distribution, is almost forgotten in the 
field of advertising. Not that an an 
nual report is to be used solely as a 
medium of advertising, but it is more 
important to tell the story of water and 
its benefits to mankind than to publicize 
unessential items. 

Engineers see beauty in bridges, 
dams and skyscrapers, but, when it 
comes to the design and publishing of 
an annual report, they are more con- 
cerned with construction materials, 
structural details, factors of safety, 
costs and efficiency of operation. The 
automotive engineer, in designing the 
hody for a car, will have beauty, func- 
tional appointments and safety in mind, 
all of which are attractive to the motor- 
ing public. It appears, then, that the 
present trend in design gives consider- 
ation not only to function but also to 
eye appeal. There seems no reason not 
to follow the trend and design an an- 
nual report that will be a thing of 
beauty as well as functional. Both of 
these factors influence the size, style 
and arrangement of the material that 
will make up the report. For this pur- 
11-in. brochure is ideal. 
It is most practical and the size and 
style lend themselves to the best ar- 
rangement of the text, maps, graphs, 
tables and pictures (see Fig. 1). 

The Los Angeles Dept. of Water and 
Power has been faced with the same 


pose an 84 
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problems as other utilities in publish- 
ing its annual report. For many years 
the water system’s part of the report 
consisted of copies of the divisional re- 
ports, which were edited in an effart to 
eliminate duplication and controversial 
statements. This policy was not suc- 
cessful, however, for duplication was 
bound to occur unless some of the di- 
visional reports were rewritten. For 
example, the design of a major proj- 
ect, such as a dam, filter plant or large 
water carrier and its appurtenances, 
involves many special engineering prob- 
lems in mechanical, hydraulic, civil, 
sanitary and electrical engineering. 
Each of these different problems is 
assigned to the engineer specializing 
in that field, for preparation of plans, 
specifications and estimates. When he 
writes an annual report covering the 
activities of his division, he naturally 
will report on the progress of his por- 
tion of the work assignment. It is 
readily seen, therefore, that overlapping 
and repetition cannot be avoided in a 
compilation of divisional reports. 
This difficulty has been overcome by 
placing the responsibility for writing 
and publishing the report in the hands 
of the publicity director. The first and 
second issues of the booklet—that is, 
the department's forty-sixth and forty- 
seventh annual reports, for the years 
1947, and June 30, 
1948—were very They 
presented pertinent factual data on 
the operation of this utility in a man 
ner understandable to the public at 
The detailed reports submitted 


ending June 30, 
successful. 


large. 
by the various division heads, from 
which the brochure report was com- 
piled, are on file and open to inspection 
and analysis by interested parties. 
Regardless of the style and type of 
annual report adopted by the utility, 
its policy should also be to have di- 
visional engineers file annual reports 
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on the functional activities and person- 
nel problems of their divisions, as, col- 
lectively, these reports reflect the over- 
all efficiency of the utility's operations 


Content and Arrangement 


It is not the purpose of this paper to 
design a report that would be stand- 
ard for all utilities, but rather to offer 
suggestions on size, style and arrange 
ment of material, as well as on some of 
the statistics which should be included. 

The material to be printed should be 
factual and so arranged that all the 
information on any subject is readily 
available in one place in the report. An 
explanation of this point may be in 
order. For instance, suppose the util- 
ity has a major project under construc- 
tion which will take several years to 
complete and includes tunnels, dams, 
reservoirs, generating plants and all 
their allied Each vear a 
progress report is printed in the an- 
nual report until the project is com- 
pleted, at which time a completion re- 
port is published, usually showing the 
date the work was started, when it 
was completed, the capacity of the res 


activities. 


ervoir and generating plant, and when 
they were put into service. Now, il 
this completed report listed the volumes 
and page numbers of previous reports, 
information 
The same thing 
Tables, 
graphs and diagrams can all be as 
sembled (with an index for ready ref- 
erence) following the printed matter 
rather than being interspersed through- 
out the report. 

It is the author’s opinion that the 


the reference would be 
available in one place 


can be said about the statistics. 


report should be published in two sec- 
tions, the written portion in the front 
and the statistical portion in the back, 
thus affording the possibility of bind- 
ing the statistical section separately, if 


desired. 
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The written portion of the report 
should contain a short history of the 
utility and its relationship to the city, 
county, state and federal governments, 
followed by a description of the util 
ity’s activities, together with interesting 
photographs, maps and diagrams to 
illustrate the more important items. 
The next few pages should be devoted 
to revenues, expense, balance sheets 
and pie diagrams to illustrate revenue 
and (Fig. 2) 


expense omparis ms, 


the cost of water for different uses and 


many other items 
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tion, construction or finance. With a 
volume of such information, it would 
be easy to demonstrate the safety of an 
investment in the utility or to inform 
the public of the necessity for a rate 
increase. The graphs, diagrams and 
tables included in this section should 
show the trend for a ten-year period 
( Fig 
Such periods of time furnish historical 
material for long-term planning 
Only those statistics which are es- 


3) or a multiple of ten years 


sential and graphically de pict the trend 
in the growth of the utility should be 


Fic. 2 


Statistical Section 


Managers of water works generally 


ire faced with the twin problems of 
long-term planning for additions and 
hetterments to the plant and system, 
and the financing of such mprovements 
either through revenues, which may re 
quire an increase in rates, or through 
some other source. For either purpose, 
ulequate statistics are necessary ; there 
statistical should be 


lesigned with the thought of assisting 


tore, the section 


managers in any problem related to the 
utility’s activities, whether it be opera 


Water Revenue and Expenditure, 1947-48 


included in the report, such as the wa 
ter main mileage and the number of 
gates, valves, fire hydrants, services 
and meters: the reservoir storage ca 
pacity ; the quantity of water pumped , 
and 
sales of water by class; operating and 


consumption by class; revenues 
nonoperating expenses ; and, possibly, 
maps showing areas of minimum and 
maximum consumption. Charts and 
tables should be omitted if the infor- 
mation does not have a direct bearing 
on the growth of the utility, such as 
data on the mileage driven by the trans- 
portation fleet or the number, make and 


in 
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class of the units comprising it; the 
number of meters cleaned, checked and 
tested; the number of work orders is- 
sued and jobs finished by the different 
shops ; the number of buildings painted 
and so forth. Although very impor- 
tant to the utility's division heads, su- 
perintendents, engineers and managers, 
these data really have no place in the 
annual report and only clutter it up, 
besides adding to the cost of publica- 
tion. 


Public Relations Value 


Utility annual reports are distributed 
rather broadly, as copies are sent to 


The Department had more customers 
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used, when to plant certain flowers and 
vegetables, and what to use in spraying 
flowers, shrubs, trees and rosebushes 
to control insects, mildew and fungus. 
The customer was sent a copy of this 
publication with his monthly water 
and light bill. It met with consider- 
able enthusiasm from the very first 
issue. In fact, a number of cifferent 
water companies and other utilities 
asked to be placed on the mailing list, 
and requests for copies were received 
from all over the world. The pam 
phlet did not increase revenues from 
the sale of water to any great extent, 
but it did build up a better feeling be 


They used more water 


EACH FIGURE EQUALS 100,000 WATER 
AND POWER CUSTOMERS 


230 MILLION GALLONS A DAY 34) MILLION GALLONS A DAY 
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libraries, colleges, schools, chambers of 
commerce, other utilities, consulting 
engineers, financial institutions and the 
general public. This list represents 
quite a cross section of opinion and 
provides a tremendous field for con- 
tacts to be made as well as for the im- 
provement of public relations. 

A few years ago the Los Angeles 
Dept. of Water and Power tried ar 
experiment in public relations by 1s 
suing a little pamphlet entitled “Your 
Garden.” Written in layman's lan 
guage and published monthly for the 
prime purpose of encouraging home 
gardening, it carried information about 
the type and kind of fertilizer to be 


tween the consumer and the utility. 
The public became conscious of the 
Dept. of Water and Power and the im 
portant role that water plays in every 
day life. Because of this experience, 
the author feels sure that an annual 
report can be written and published 
which will receive the same kind of 
enthusiasm while conveying a very im- 
portant message to the consumer public. 

If the utility does not have a pub- 
licity director or an employee with a 
natural gift for report writing, it can, 
through cooperation with educational 
institutions, develop a policy covering 
production details that will be of bene 
fit to both the school and the utility, 
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Well Pump Bearing Lubricants and 
Bacteriological Quality 
By L. E. Ordelheide 


A paper presented on June 3, 1949, at the Annual Conference, Chicago, 


by L. E. 


Vissouri Dir 


PPROXIMATELY 60 per cent 

of the municipalities in Missouri 
depend upon deep drilled wells as a 
Most 
of the well supplies in Missouri are lo 
cated in the Ozark region of the state, 
where an ample supply of bacterio- 
logically safe ground water from a rel 
atively deep stratum can generally be 
With the exception of slight 


source of public water supply. 


expected 


to moderate hardness, the ground water 
supplies found in this region are also 


chemically satisfactory as a source ol 
public water supply. Consequently, 
with the exception of softening when 
economically there usu 
ally little need for treatment to provide 
a satisfactory domestic supply. 

The division of health has long real- 
ized that for a considerable period a 
large number of the state’s public wa- 


is 


feasible, 


ter supplies will not be provided with 


chemical treatment Consequently, 
cognizance has been taken of the neces- 
for the proper and 
equipping of well facilities to assure a 


In 


de 


sity construction 
continued supply of safe water. 
this there 
veloped, with a number of revisions, 


the “Division of Health Recommended 


connection have been 


Minimum Requirements Covering San 
itarv Construction Features of Drilled 
Wells and Installation of Power Pump 
ing Equipment.” 

Briefly, these requirements provide 


for: [1] casing, with a proper weight 
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of pipe, the wells to a safe depth, as 
recommended by the state geological 
survey, the recommended depth being 
determined by a review of the driller’s 
log, an examination of drill cuttings and 
a review of the complete geological 
records of the water-bearing forma- 
tions; [2] pressure cement grouting 
of the entire 4-in. annular space be- 
tween the drill hole and the well casing 
from the casing point to the ground 
surface; [3] the proper installation of 
the pumping equipment on top of the 
well at a point above the natural ground 
surface. 

In the development of the recom- 
mended minimum requirements, due 
consideration was given, among other 
things, to types of pumping equipment, 
including the question of pump bearing 
lubricants. 

Item 13 of the U.S. Public Health 
Service Manual for Public Ground Wa- 
ter Supplies (1) provides that: “Pump 
bearings situated in any well below the 
pumproom floor or platform shall be 
lubricated with water of a safe sani- 
tary The shall 


deemed been when 
well 


quality.’ item be 
to 
pump bearings situated 
below the pumproom floor or platform 
are lubricated with water taken from 
within the well, or reservoir or distri- 


bution system supplied with water from 


have satished 


sj in any 


the original source of water supply, or 
from another supply which meets the 
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requirements of the health officer,” or 
“in case of existing installations using 
oil-lubricated bearings, [when] the oil 
is stored and handled so as not to ex- 
pose it to contamination.” 

This statement is practically identical 
with the statement made on this subject 
by the Committee on Ground Water 
Supplies of the Conference of State 
Sanitary Engineers in its 1936 report 
and with Sec. 4.44 of the A.W.W.A. 
“Tentative Manual of Safe Practices 
in Water Distribution” (2). 

A review of the literature and in- 
quiry of a number of official public 
health agencies failed either to substan- 
tiate or to contradict the theory that 
well pump lubricants had any effect 
upon the bacteriological quality of wa- 
ter supplies. Consequently, a question- 
naire was prepared on the subject and 
sent to all of the state health depart- 
ments. The questionnaire was de- 
signed to provide information on health 
department policies and experiences 
with regard to well pump bearing lu- 
bricants. An exceptionally good re- 
sponse to the questionnaire was re- 
ceived. 

A summary of the information ob- 
tained in this manner indicated that 
most of the state health departments 
had not established a definite policy on 
the subject. Five departments re- 
ported that they approved only pumps 
with water-lubricated bearings. Four 
additional states indicated that pumps 
with either oil- or water-lubricated 
bearings were being approved but that 
the latter were preferred or being rec- 
ommended. As might be expected, 
several states reported difficulties with 
each type of lubricant, which, for the 
inost part, were confined to specific in- 
stallations and could logically be at- 
tributed to faulty installations or the 
character of the water rather than to 
the nature of the particular lubricant. 
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The information obtained from the 
questionnaire and that provided by 
other sources clearly indicated a lack of 
definite data on the effect of well pump 
bearing lubricants upon the bacterio 
logical quality of water supplies. This 
fact prompted a study of the Missouri 
Div. of Health records of public water 
supplies to determine the significant 
difference in the bacteriological records 
of wells equipped with pumps using 
oil- water-lubricated bearings. 
Complete records are on file for each 
well employed as a source of public wa- 
ter supply, including date constructed, 
total depth, depth and diameter of cas- 
ing, water-bearing formation, yield and 
other details, as well as the make, type 
and capacity of the well pump. More- 
over, since water samples from each 
public water supply are submitted rou- 
tinely to the state laboratory for bac- 
teriological examination, the files con- 
tain a fairly long record of bacteriologi- 
cal analyses of such wells. 

A careful analysis was made of the 
records of the wells serving public wa- 
ter supplies for the purpose of selecting 
those to be included in the study. 
Wells not depended upon as a safe 
source of supply and those with known 
sanitary defects requiring purification 
processes were automatically eliminated 
from the study. <A total of 134 wells 
located in 95 cities was selected, of 
which 51, or 38.8 per cent, are equipped 
with water-lubricated pump bearings, 
while 83, or 61.2 per cent, have oil- 
lubricated bearings. The  bacterio 
logical study covered records over a 
period of eight years (1941-48, in- 
clusive). <A total of 4,861 samples col- 
lected during this time from the 134 
wells was used in the study. Of this 
number, 1,760 samples, or 36.2 per cent 
of the total, were collected from wells 
with water-lubricated pumps, while 
3,101 samples, or 63.8 per cent, were 
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taken from wells equipped with oi! 
lubricated pumps. All the samples 
considered were collected directly from 
taps on the pump discharge lines. 

A summary of the bacteriological rec 
ords of the samples over the eight- 
year period indicates that 1.85 per cent 
of the individual 10-ml. tubes of the oil 
lubricated well samples were positive 
for Esch. coli, while 1.87 per cent of the 
tubes of the water-lubricated well sam 
ples were positive—thus showmg no 

These data in 
dicate that the lubricant of well pump 


hearinas has essentially 


significant difference 


no eflect upon 
the bacteriological quality of the water 
supply 

It is believed that the data assembled 
in this study are as free as possible from 
factors which might influence the re- 
sults. 
of known sanitary detects or those not 


As previously mentioned, wells 


depended upon as a sale source of sup- 
ply were not included in the study 
Furthermore, since all samples included 
in the study were recorded on the en 
closed information card as being col 
lected direct from a tap on the pump 
discharge, the results should not be af 
fected by any contamination which may 
be present in a distribution system or 
Finally, all of the 
samples in the study were ex umined in 


storage reservoir 


the central laboratory of the division 
of health in accordance with Standard 
Vethods 


by municipal water works personnel 


The samples were collected 


and by field engineers of the division 
of health 
them may 


It is realized that some of 
taken, 
which might account for some of the 


have been carelessly 
contaminated samples, but it is beheved 
that the number of wells represented in 
each category and the total number of 
samples are sufficiently large to pro 
vide compensation for this and for 
other possible unknown factors 
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Consideration was also given to the 
that either water- or oil- 
lubricated pumps might be more preva- 
lent in specific areas of the state and 
that differences in the quality of ground 
water in the various areas might thus 
influence the bacteriological results ob 
tained. An analysis was made of the 


possibility 


distribution, over the nine division of 
health field districts, of deep well 
pumps using the two different lubr 
the 


districts 


cants, and a comparison of bac 
records by 
No 


normalities were discovered 


teriological was 


also undertaken significant ab 


Conclusions 


1. This study was confined strictly 
to a comparison of bacteriological qual- 
ity of water from wells equipped with 
pumps having oil- or water-lubricated 
bearings. No attempt was made to 
compare the relative merits of the two 
lubrication respect 
to mechanical efficiency, operational 
under spe 
cific conditions and the like 


methods of with 


maintenance, adaptability 

2. The number of wells included in 
this study, the number of samples in- 
volved and the period of time repre- 
the 
compensate for unknown 


sented by study are sufficient to 
factors and 
to produce significant statistical data. 

3. The summary and comparison of 
the bacteriological records of wells in 
Missouri equipped with pumps with 
oil- and water-lubricated bearings indi 


cate that the type of pump bearing lu 


bricant has no significant effect upon 

the hacteriological qu ilitv of the water 

supply. 
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Effects of Synthetic-Detergent Pollution 


By John T. Cross, William U. Gallaher, 
Joseph G. Filicky and John W. Hassler 


A panel discussion presented on May 31, 1949, at the Annual Confer- 
ence, Chicago, by John T. Cross, Prin. Filtration Chemist, South Dist. 
Filtration Plant, Chicago; William U. Gallaher, Plant Supt., Water 
Dept., Appleton, Wis.; Joseph G. Filicky, Industrial Chem. Sales Div., 
West Virginia Pulp & Paper Co., Tyrone, Pa.; and John W. Hassler, 


Director of Research, Industrial Chem. Sales Div, 


Pulp & Paper Co., Tyrone, Pa. 


West Virginia 


Effect on Coagulation—John T. Cross 


HIS paper will present a_ brief 

study of the effect of synthetic 
detergents on the coagulation of raw 
Lake Michigan water. Six synthetic 
detergents were used, of which three 
(designated: D,, D,, 
PD.) and three industrial (designated : 
I,, 1, 1,). The effect of these deter- 
gents on floc formation is but one phase 
of the rather comprehensive subject of 
coagulation enhancement or retarda- 
tion by synthetic-detergent pollution. 
Countermeasures, being extremely spe- 
cific and extensive, will not be dis- 
cussed, as more work is required on 
this aspect of the problem. 

From stock solutions of each deter- 
gent, prepared by weighing and dilut- 
ing with distilled water, concentrations 
of 0.1, 1.0, 3.0 and 5.0 ppm. were made 
up using raw Lake Michigan water. 
Unless otherwise specified, the results 
discussed for any detergent may be 
considered to refer to a concentration 
of 5.0 ppm. Where poor coagulation 
took place in a concentration of less 
than 5.0 ppm., the concentration is 
specified. It may be noted that when 
interference in coagulation did occur, 


were domestic 


it usually did not come about until a 
concentration of 5.0 ppm. was reached. 


Procedure 


One-liter portions of raw Lake Mich- 
igan water, to which were added con- 
centrations of 0.1, 1.0, 3.0 and 5.0 
ppm. of a specific detergent, were agi- 
tated in 1,500-ml. beakers with a stir 
ring machine. A fifteen-minute mixing 
period at a speed of 44 rpm. was 
adopted as being reasonably compara- 
ble to actual mixing at the South Dist. 
Filtration Plant. It is difficult to re- 
produce plant mixing conditions in the 
laboratory, but the jar tests will defi- 
nitely differentiate between good and 
poor coagulation. 

After the dilution of the detergent, 
the paddles were lowered and the agi- 
tation started. The chemicals were 
then added at fifteen-second intervals. 
Observation of the first formation of 
floc was noted and the time recorded. 
After five minutes the beakers were re- 
moved and viewed with a hand magni- 
fying lens against the light of the lab- 
oratory window in order to study the 
appearance and size of the floc. At the 
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end of the fifteen-minute stirring pe- 
riod, the samples were allowed to settle 
for half an hour, at which time equal 
portions were withdrawn from the cen- 
ter of each mixture and the turbidity 
determined, by either a Baylis turbi- 
dimeter—for turbidities less than 2.0 
ppm.—or a Cenco * sheared photolom- 
eter, for greater turbidities. Of the 
remaining portion of the sample, 500 
ml. was passed through a cotton plug 
filter ( Fig 
agulated water would filter clear. <A 
turbidity reading was made on the fil- 
trate. The pHi was determined elec- 
trometrically immediately after mixing. 
\ control sample of raw Lake Michigan 


1} to see whether the co 


water without a detergent was run con- 
currently with each set of detergents 
for the purpose of comparing and eval- 
uating the resulting effects 

The classification of the character of 
coagulation was that used by Baylis in 
his extensive work on the subject : 

|.V.—-Just visible, small particles, 


slow settling 
F.P 
cernible 
Fair, particles 0.2-0.3 mm. in 


Fine particles, readily dis- 


*G.—Fairly good, particles 0.3-0.5 
in size 
(;.--Good, particles 0.5-0.8 mm. in 


mun 


size 

| Excellent, particles 1.0-1.5 mm 
in size 

The coagulants used were: [1] alum, 
with and without lime; [2] alum and 
silicate; [3] ferric sulfate, with and 
without lime; and [4] chlorinated cop 
peras, with and without lime 

As might be expected, the reaction 
of each detergent with a specific coagu- 
lant showed individual characteristics. 
Although, in general, the effects of 
interference were similar, there existed 
a marked differentiation in degree. 


* Central Scientific Co., Chicago 
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The interference encountered 
broadly classified in two categories : 
1. Sometimes the floc, after an in- 


may be 


itial formation classed as “just  visi- 
ble,” would not coalesce, leaving con- 
siderable suspended colloidal matter, 
which would settle extremely slowly 
and would not filter clear through the 
cotton plug filter. 

2. In other experiments, reasonably 
good floc formation would result, but 


Fic. 1. Cotton Plug Filter 


there would still be considerable col- 
loidal matter in suspension which would 
pass the cotton plug filter. 


Summary of Results 


1. The addition of lime produced a 
marked improvement in the coagulation 
of the detergent-treated raw water with 
all the coagulants used. For example, 
with alum alone as the coagulant, the 
pH after mixing was 7.60, the optimum 
for the coagulation of Lake Michigan 
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water. The addition of a small quan- 
tity of lime raised the pH to 7.90 (this 
practice is followed at the South Dist. 
Filtration Plant in order to deposit a 
small quantity of calcium carbonate 
in the distribution mains). With 
the alum and lime dosage, only two 
of the six detergents showed inter- 
ference to any extent, whereas the 
chemical application of alum alone 
brought about a condition conducive to 
very poor coagulation with five of the 
six detergents. With the ferric salts 


coagulation when detergents are pres- 
ent. It may also be that the lime aids 
in the neutralization of the charge on 
the colloidal particles of the coagulant, 
whereas, in the absence of lime, the de- 
tergent produces a condition of particle 
repulsion instead of coalescence. 

2. The domestic detergents resulted 
in considerable more interference with 
coagulation than the industrial deter- 
gents. 

3. Without the addition of lime, 
alum-silicates gave better coagulation 


TABLE 1 


Alum 


Time First 


‘oagulation 


Turbidity After Cetton Plug Filter 


Floc Formed Appearance* at 5 min 30-min. Settling Turbidity 


min 
Detergent 
5 ppm 


frm ppm 


Without Without Without Without 


Lime 


3 
3 
2 
4 
2 


Control 


Raw Water 


Lime Lime . Lime 


\ 
\ 
\ 
R 


J 
J 
J 
J 
F 


‘hemical Dosages 


lurbidity—13 ppm. Alum—14.4 ppm. Alum—14.4 ppm. 
lemperature—16°C. Lime-—4.2 ppm. Lime—none 
pH—8.32 pH after mixing— 7.8! pH after mixing— 7.60 


* For explanation of abbreviations, see p. 18. 


as coagulants, the pH without lime was 
7.80 when 14.4 ppm. of coagulant was 
used, while the pH with the same dos- 
age of coagulant, but with the addition 
of 13.8 ppm. of lime, was 9.10 after 
mixing. In the control sample, ferric 
salts at the low pH showed fair coagu- 
lation, but in the detergent-treated 
samples at this low pH very poor co- 
agulation was noted. These data on 
the effect of lime may indicate that pH 
becomes a more important factor in 


in the presence of detergents than did 
the other coagulants tested. 


Alum 


As noted above, the characteristics 
of floc formation in the presence of a 
detergent, with alum as the coagulant, 
were found to be dependent on the ad- 
dition of lime. When lime was added 
with the alum to give a pH of 7.90 
after mixing, only two of the six deter- 
gents—D, and D,, both domestic— 


With 

Lime — Lime 

D, F.G. 3 0.1 1.5 

D j I F.G. 3 0.0 0.2 it 

F.G. 5 0.0 0.2 

Is F.G. | 5 00 | OS 

F.G. | 5 0.0 0.0 

| 

ia 

a 


20 
showed any marked interference with 
coagulation. Both of these detergents 
began to retard floc tormation at a 
concentration of 3.0 ppm. The result 
ing floc was made up of fine particles 
less than 0.5 mm. in size which were 
slow to settle and did not filter clear 
through a cotton plug filter. The tur- 
bidity in the filtrates was 0.1 and 0.5 
On the whole, the 
as the control 


ppm., respectively 
floc formed as rapidly 
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terference. The results of coagulation 
with alum are shown in Table 1. 
Alum-BSilicate 


In the presence of a detergent, with 
alum as the coagulant, the use of sili 
cate as the coagulant aid did not im- 
prove coagulation. When poor coagu- 
lation was present, it was usually de- 
tected at a detergent concentration of 
3.0 ppm. and was very prominent at 


TABLE 2 


tlum-Silicate Coagulation 


Time f t Turbidity After Cotton Plug Filter 
or { \ppearance*® at 5 min %)-min. Settling Turbidity 
Detergent 
pom 
Wit Wit Wit + mut Wit Without Wit Witho 
Li Lin Lime Lime Lis Lime 
D 14 ; 1.\ 1.\ 1.5 0.2 0.2 
dD 1} 1} 1.\ }.\ 3 3 0.2 0.2 
D 14 1 2 0.0 0.2 
I 1} 2 0.0 0.0 
1} E.G 1 2 0.0 0.0 
I; 1} 1 0.0 0.2 
Control 14 1} 0.0 0.0 
Raw Wate Chemical Dosage 
Purbidity ppm \lum 14 ppm \lum— 14 ppm 
lemperature 15°C Silicate 1.4 ppm Silicate—1.4 ppm. 
pH 8.40 Lime—+ ppm Lime— none 
pH after mixing 7.94 pH after mixing —-7.62 
sample, but atter visible formation did 5.0 ppm. Concentrations of 10.8 ppm 


not increase appreciably in size. 
The of without lime, at 
the optimum pH of 7.600, gave very 


use alum 
poor coagulation im the presence ot 
The flo of a very 
fine particle size—less than 0.3 mm.— 
and after initial visible formation did 
not coalesce but remained in suspen- 
The filtrate from the cotton plug 


detergents was 


sion. 
filter ranged in turbidity from 0.2 to 
1.5 ppm., with the domestic detergents 
PD, and presenting the greatest in 


alum and 1.2 ppm. silicate gave results 
comparable to concentrations of 14.3 
and 1.2 ppm. silicate, re 
spectively, both combinations tending 


alum and 
to give a very slow settling floc made 
up of small particles that did not filter 
clear. The domestic detergents all re 
acted in the same manner, but the in 
dustrial detergents /, and /, gave re 
sults comparable to the control sample, 
with a floc size of 1-2 mm. 
to rapid settling (Table 2). 
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With one domestic detergent, D, (in 
a 5,0-ppm. concentration ), a good char- 
acteristic silicate floc with a particle 
size of 1-2 mm. was formed, but con- 
siderable colloidal matter was left in 
suspension, so that after one-half hour 
of settling the filtrate of the cotton plug 
had a turbidity of 0.2 ppm. It was 
then observed that considerable floc 
was floating on the surface of the water. 
Closer observation with a hand magni- 
fying lens showed the floc to be ad- 


Ferric Sulfate 


Time First 
Floc Formed 
min 
Detergent 
5 ppm 


With 
Lime 


With 
Lime 


Without 


Lime 


F.P. 


J. 
J. 
J. 
F. 
F. 
F. 


NW wh w 


Control 
Raw Water 


10 ppm. 
19°C. 


Purbidity 
Temperature 


pH —-8.40 


Lime 


* For explanation of abbreviations, see p. 18 
sorbing minute air bubbles. With 
increased temperature, the small air 
bubbles would tend to rise to the sur- 
face, carrying the attached piece of floc. 
At the end of two hours’ settling, with 
a temperature increase of 4°C., all the 
floc had risen to the surface. The same 
results were noted for detergent con- 
centrations of 1.0 and 3.0 ppm. The 
floc of the 0.1-ppm. sample remained 
in the bottom of the beaker as did the 
control sample. An alum-silicate ratio 
of 7:1—14 ppm. alum and 2 ppm. 


SYNTHETIC-DETERGENT POLLUTION 


\ppearance* at 5 min 


Without 
Lime 


Ferric sulfate 
13.8 ppm. 
pH after mixing 
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silicate—-gave the poorest coagulation 
with all the detergents with one excep- 
tion, D,, which produced a floc analo- 
gous to the control sample and did not 
in this ratio tend to give a rising or 
surface floc. At the 7:1 ratio, D, and 
D, in 5.0-ppm. concentrations gave a 
“just visible” floe and a cotton plug 
filtrate of 0.5 ppm. turbidity. The con- 
trol sample at the ratio of 7:1 gave an 
excellent, rapidly settling floc, leaving 
a clear supernatant of only 0.8 ppm. 


E 3 


Coagulation 


Cotton Plug Filter 
Turbidity 
ppm. 


With Without 
Lime 


Turbidity After 
30-min. Settling 
ppm. 


With 
Lime 


Without 
Lime 


0.0 
0.2 
0.0 
0.0 
0.0 
0.1 
0.0 


ws 
w 


Chemical Dosages 


Ferric sulfate—14.4 ppm. 
Lime—-none 


pH after mixing 


14.4 ppm. 


9.00 7.80 


turbidity at the end of a half-hour 
settling period. The cotton plug fil- 


* trate had zero turbidity. 


Ferric Sulfate 


The results of tests with ferric sul- 
fate as a coagulant in the presence of 
synthetic detergents were similar to 
those found with alum. Interference 
was minimized when lime was added 
to bring the pH up to 9.10 or higher. 
When lime was not added, the pH 


i i 
dD, F.P. 6 
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I, | FG. 
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TABLE 4 


Chlorinated Copperas Coagulation 


Turbidity 10 ppm 
Femperature 17°C, Lime--13.8 ppm 
pH ifter mixing —9.0 


pH—8.45 


dropped to 7.80, resulting in the usual 
poor coalescence and considerable sus 
pended colloidal matter which was very 
slow to settle. Without lime, two of 
the domestic detergents, and 
showed pronounced interterence, pro 
ducing a very fine particle tormation 
which did not coalesce. The particle 
size would be classified as “just visi 
ble.” The ferric sulfate added to give 
this type of reaction was 14.4 ppm \ 
ferric sulfate dosage of 7.2 ppm. gave 
a “just visible” floc that settled negh 
gibly within a half hour, and an im 
crease in the ferric sulfate dosage to 
21.6 ppm. did not improve the situa 
tion. The other detergents left a fine 


hlor inated copperas 


14.3 ppm.) Chlorinated copperas 14.3 ppm 
Lime —none 
pH after mixing 7.90 


colloidal floc in suspension that did not 
filter clear, as shown in Table 3. 


Chlorinated Copperas 


Using chlorinated copperas with lime 
added to give a high pH, only mod 
erate interference was encountered, 1n 
the nature of a finely divided floc in 
suspension alter a half hour of settling 
Without lime, at a much lower pH, all 
the detergents except /) and /, showed 
considerable colloidal suspension and 
produced a very slowly settling floc. 
Consequently, two ot the filtrates from 
the cotton plug filter showed a turbidity 
of 1.5 ppm. Table 4 gives the results 
of these tests 


Appleton Experience— William U. Gallaher 


The Fox River water at Appleton, 
Wis.. became difficult to coagulate im 
the hme softening process during the 
fall and winter months of 1948-49 
Chis condition was noted by other 


treatment plants using the same source 


of supply \s the trouble with coagu- 
lation seemed greater than could be 
explained by the low-water conditions 
which prevailed at the time, the pres 
ence of detergents was suggested as 


a possible cause, since many sewage 


22 four. AWWA 
Time F iret Turbidity Alter Cotton Plug Filter 
Fice Formed \ppearance® at 5 min min. Sett Turbidit 
Detergent 
pon 
Wit WN it t Wit Without Wit Wit t W it Without 
D 2 2 5 0.1 1.5 
D 2 2 0.0 1.5 
dD, 2 2 1 0.0 0.0 
2 2 3 1 0.0 0.2 
I, 2 F.P 1 2 0.1 0.0 
2 2 I 3 6 0.0 0.4 
Control 4 2 I 1 1 0.0 0.0 
Kaw W Chemical Dosages 
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plants reported that detergents had 
interfered with settling. 

Municipal plants using Lake Winne- 
bago and the Fox River as the source 
of supply employ carbon in large dos- 
ages. The normal maximum dosage 
during the summer is 40-80 ppm. and 
has reached 150 ppm. During the 
winter of 1948-49, however, a moldy 
or mildewy taste was noted in the wa- 
ter at irregular intervals. It resisted 
removal by activated carbon and was 
more pronounced at the consumers’ 
taps than at the plant. This condition 
had not been experienced during pre- 
vious periods of low stream flow and 
high algae counts in the river water. 
Therefore, the belief was strengthened 
that some substance was present in the 
raw water which had not been there 
before that time. 

The raw river water at Appleton 
contains the primary treated sewage 
from two cities which are located only 
5 miles up stream and which have a 
combined population of 25,000 per- 
Moreover, Lake Winnebago, 
which feeds the Fox River, receives 
partially treated sewage from an addi 
tional 75,000 persons. This sewage 
contains detergents and the question 
was whether or not their concentration 


SOTLS. 


was sufficient to cause trouble since the 
wastes were considerably diluted by 
the time the water reached Appleton. 

The determination of the compounds 
used as detergents would be difficult if 
not impossible in the concentrations 
present in the river water. Some cal- 
culations were therefore made on the 
basis of contained in a 
recently published paper by T. E. Lar- 
Statistics indicate that the 


information 


son (1). 
present annual consumption of deter 
gents amounts to approximately 4 Ib. 
per capita, although this figure would 


seem to be low. If the 4-Ib. figure is 


SYNTHETIC-DETERGENT POLLUTION 23 


used, the amount of detergents used 
by the 100,000 people above the Apple- 
ton intake would be about 1,100 Ib. 
per day. At times of low stream flow, 
the concentration of detergents could 
reach 0.25 ppm. If the total consump- 
tion reaches 5 billion pounds per year 
for the nation, the calculated concen 
tration of detergents in the Fox River 
during low stream flow would be 3 
ppm. 

The above calculations have not taken 
into account many factors which will 
affect the final concentration of deter- 
gents in the water. There is a great 
deal of evaporation from the Lake Win- 
nehago pool during the summer, which 
will tend to increase 
Natural purification may decrease the 
concentration of polluting substances, 
although it is believed that the deter- 
gents will not settle because of their 
dispersing properties. Also, the indus- 
trial use of detergents, as well as the 


concentrations. 


domestic use, will vary between com- 
munities. 

It is the opinion of colloid chemists 
that 1 ppm. sulfate 
wastes from pulp mills will adversely 
affect the coagulation of water. As 
detergents have surface tension—reduc 
ing properties similar to these com- 
pounds, they will probably affect co- 


of tannates or 


agulation when present in the amount 
of 1 ppm. 

A rough demonstration of the effect 
of small amounts of detergent was made 
by adding “Surf” to distilled water and 
shaking. The time required for the 
bubbles to break on the surface is 
shown in Table 5. It will be 
that 1 ppm. of the detergent had a 
marked effect on the toughness of the 
bubbles and the effect increased rapidly 
This experiment 


seen 


with concentration. 
indicates that even a small amount of 
the detergent will interfere with coagu- 
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lation and settling, especially when the 
water contains little organic matter and 
requires small dosages of coagulant 
Operators have reported that, when 
the detergent “Dreft” was used in con- 
nection with chlorine, much better and 


PABLE § 


Effect of Detergent on Surface Tension 


Time for 


Detergent Bubbles to 


Quantity Break 
ppm. See. 
0 2+ 
1 9 
2 11 
3 24 
4 60 
5 110+ 


obtained in the 
The deter- 
gent lowered the surface tension of the 


taster results 
sterilization of new mains. 


were 


mixture, allowing the chlorine to enter 
joint cracks and other places which the 
chlorine solution alone could not pene- 


Effect on Palatability—Joseph 


\s the coagulation studies made by 
the authors were in general agreement 
with those presented by Iohn T. Cross, 
the present paper will discuss the ef- 
lects of synthetic detergents only on 
The deter- 
and 2), all but 4 being of the domestic 


the palatability of water 


gents studied are designated 1, 


type 

\ 5-ppm. solution of each detergent 
was prepared and the threshold odor 
and taste values were determined by 
the procedure in Standard Methods. 
There is no direct correlation between 
the threshold values 
( Table 6) 


a taste was observed at 


and taste 
Thus, with detergent A, 
weaker dilu- 
tions than was the odor, whereas with 
B,C 
should be mentioned, however, that B, 


odor 


and /) the reverse was true. It 
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trate. Moreover, the detergent may 
loosen scale and other foreign material 
trom the inside of the main and expose 
the the to the 
chlorine 

Detergents have been reported to 
cause bad tastes on reaction with chlo- 
rine. The elimination of a taste due to 
long-chain organic compounds may be 
more difficult than the elimination of 
tastes due to the reaction of phenolic 
would 


surtace beneath scale 


compounds and chlorine. It 
the 
dures might be successfully used to 


seem, however, that same proce- 
combat tastes due to detergents as are 
used for phenols \t Appleton, the 
use of 0.35-0.60 ppm. of sodium chlo- 
rite in connection with chlorine to form 
chlorine dioxide the 
cessation of complaints of a mildewy 


has resulted in 


taste in the water. 


Reference 


1. Larson, T. E 
Jour. A.W.W.A., 4 


Synthetic Detergents 
1:315 (April 1949), 


G. Filicky and John W. Hassler 


C and LJ) appear to contain perfume, 
which could complicate the taste and 
odor relation 

In the next step, solutions of each 
detergent were prepared at a concen 
tration sufficient to provide taste and 
that 
These solutions were treated 


odor values were convement to 
measure. 
with a sufficient quantity of activated 
carbon * to give complete removal of 
tastes and odors. It should be men- 
tioned that the detergent concentrations 
shown in Table 7 are probably higher 
than would be encountered in water 
supplies. Moreover, in order to pro- 


vide a palatable water, it is seldom 


*The activated carbon used was Aqua 
Nuchar, a product of Industrial Chemical 
Sales Div., West Virginia Pulp and Paper 
Co, 
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necessary to accomplish complete taste 
and odor removal as was done in this 
study. 

With detergent A, the taste was 
more difficult to remove than the odor, 
whereas, with the other detergents, the 
reverse was true. Possibly the pres- 
ence of perfume in detergents B, C 
and /) contributes to this latter be- 
havior. 

Water containing each of the deter- 
gents was treated with chlorine in dos- 
ages ranging from 1 to 80 ppm. and 
was allowed to stand overnight, after 
which the samples were dechlorinated 


TABLE 6 
Comparison of Threshold Taste and Odor Values 


Threshold 
Taste Value | 


Threshold 
Odor Value 


Type of 


Detergent* | 
Taste 


| Bitter 

18 | Soapy 
Bitter- 
soapy 


* 5-ppm. concentration 
t No taste detected at concentrations 


below 30 ppm 
before determining the taste and odor 
values. In general, the tastes and odors 
were intensified and altered in 
character. Thus, with detergent 1, 
increasing chlorine dosages changed the 
odor from a soapy to a chemical and 
finally to a sour type. The taste 
changed from a bitter to a rancid type, 
which became more intense at higher 


also 


chlorine dosages. 

The action of chlorine dioxide was 
studied, using concentrations from 0.5 
to 20.0 ppm. In general, the behavior 
paralleled that of chlorine. 

The effect of the presence of lard on 
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the tastes and odors of detergents was 
studied, using a ratio of 5 ppm. deter- 
gent to 10 ppm. lard. The lard made 
no change in the intensity of the taste 
and odor but did alter the type of the 
odor. Thus, the odor of detergent C 
changed from a soapy to a soapy- 
rancid type. 

The tastes and odors of the deter- 
gent-lard mixtures can be removed by 
activated carbon,* but somewhat larger 
dosages are required than for the de- 
tergent alone. 

The effect of chlorine, and also chlo- 
rine dioxide, on the detergent-lard mix- 


TABLE 7 


Taste and Odor Removal 


Activated Carbon 


leterge 
Detergent Required — ppm 


| Quantity in 
Original 
Solution 
ppm Odor 


Detergent 


Taste 


A 4 15 
B x0 10 
C 10 15 

D 40 40 10 


tures was similar to that observed with 

solutions containing the detergent alone 
that is, the type of taste and odor 

was altered and slightly intensthed. 

The odors were more 
difficult to after chlorination. 
Larger dosages of activated carbon * 
were required, which suggests that car- 
bon should be applied before chlorina- 
tion. This statement is true of both 
the detergent alone and the detergent 
lard mixture. 

*In these experiments, Aqua Nuchar 
FAN, a product of Industrial Chemical 
Sales Div., West Virginia Pulp and Paper 
Co., was used. 


tastes and 
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Effects of State Highway Construction Policies on 
Utility Installations 


Panel Discussion 


A panel discussion presented on May 30, 1949, at the Annual Confer 


ence, Chicago 


L. W. Grayson 


Supt., Dept. of Public Utilities, Riverside, 


Calif 
HE 
and 

Cahfornia during recent years has 

of 


great increase in population 


motor velucle registration im 


made necessary a vast program 

Many 
state highways, once county roads and 
part of the 
state highway system so that the local 
governments could state 
Until the 1930's utility installations oc 


cupying parts of these roadwavs were 


highway construction miles of 


city streets, were made 


receive aid, 


moved by joint agreement, either at 
utility or at state expense 

In 1936 the California Dept. of Pub 
lic Works, having taken over a county 
highway, ordered the Marin Municipal 
Utilities Dist 
ter main to the outer edge 


to relocate a district wa 
ot a newly 
acquired additional highway right-of 


When the to 


comply, the highway department moved 


was district) refused 


the pipe and then brought suit in the 
A 


supreme 


name of the state to recover costs 


1941 decision of the state 


court sustamned the highway depart 


ment’s contention that the expense of 
the 


This case has often been re 


the relocation should be borne by 
district 
ferred to in the developme nt of current 
policy 

During the the highway 


pro 


gram was retarded, but the population 
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amd vehicle registration figures rose. 
In November 1945 the Dept. of Public 
Works issued a tentative statement of 
pohey on utility installations involving 
Within a 


month the publicly and privately owned 


certain types of highways 


utilities of the state were holding com 
mittee meetings to discuss this state 
ment. In June 1946 a definite policy 
was promulgated by the Div. of High 
ways. For the purpose of utility in 
stallations, highways were divided into 
[1] full 


freeways and 


freeways, 


[3! full 


three 
[2] 


access highways 


categories 


limited 


Policy Statement 


Encroachment on freewavs. includ 
ing planted or landscaped areas, was 
prohibited 


ing longitudinally on limited freeways 


Utility structures encroach 


which might develop into full free 
to the same 
The 


trans 


ways were to be removed 
full 


statement 


distance as for freewavs 
1946 policy 


verse 


limited 
encroachment, in principle, to 
the 
which 


installations operation and main 


tenance of would in no wavy 


On 
a depressed freeway, it was required 


disturb or interrupt traffic flow 


that crossings be made by means of an 
elevated structure. 

\ statewide committee of the Cali- 
fornia Municipal Utilities’ Assn. stud- 
ied the effect of this policy statement 
and developed a scientific approach to 
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a solution of the serious problems in 
The situation was particularly 
smaller 
munities which might be confronted 


volved. 
grave for some of the com- 
with a need for water line relocation 
requiring dual mains and a capital out 
lay nearly equal to the total capital in- 
vestment of the utility. A State Legis- 
lative Joint Committee on 
Highways, Streets and Bridges was 


Interim 


activated, before which substantial evi 
dence was presented that the highway 
program entailed 
creases for some utilities while forcing 
others to issue bonds and incur heavy 


possible rate in- 


indebtedness. 

Finally, in 1947, the problem was 
placed before the California State Leg- 
islature, and, after much controversy 
and discussion, was resolved by the 
passage of the Collier-Burns Highway 
Act of 1947. 


Highway Act of 1947 


Under this act, which amended the 
California Streets and Highways Code, 
utihty occupation of freeways is given 
reasonable recognition, and relocation 
expense is generally made a part of 
highway costs. Furthermore, publicly 
owned utilities are, in some particulars, 
accorded a more liberal cost recovery 
program than that provided for pri- 
vately owned systems. 

Any utility 
stallations to a point outside the free- 


required to move in- 


way right-of-way is to be reimbursed 
from state funds. The expense of re 
for the 


publicly owned utility, a state cost, if 


location within a freeway is, 


the imstallation was in place before the 
highway became a part of the state 
system. If a similar move must be 
made by a privately owned utility, the 
state will assume the cost upon proof 


that the relocation is not a contractual 
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obligation of the utihty. Subsequent 
moves required by the state within a 
freeway right-of-way more than once 
during a ten-year period are to be paid 
for by the state. In any move to be 
paid for from state funds, deprecia- 
tion, salvage and betterments must be 
credited to the state against the cost 
of the work completed. The act also 
provides that the state may 
the money for relocation or 


advance 
removal 
and provide for the work to be done tf 
a utility is not financially able to bear 
the cost, on condition that the utility’s 
portion of the expense is repail to the 
state over a period not to exceed ten 
years. 


Present Operating Policy 


The present operating policy pro- 
vides that the state, through the Div. 
of Highways, shall formally notify the 
affected utility to relocate or remove, 
setting forth the general parts of the 
utility system invoived, the proposed 
work 
stating at whose expense the work will 
be completed and the authority sup- 
porting the notice. If a notice to re- 
locate provides for state participation 
in the utilities 
drawn up, covering in detail the items 


location and the schedule, and 


cost, a agreement is 
involved, including the estimated cost 
to the state. 

Provision is made for a joint-use 
agreement which recognizes the prior 
rights of utilities in the use of a com- 
mon area when highway development 
extends in part or in whole to property 
over which the utility may have ease- 
ments or other rights. In this situation, 
the agreement substantially 
for full state responsibility covering 
costs incurred by the utility resulting 
from damage done by the state or its 
contractors in the construction or main- 


pre vides 
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tenance of the highways. Alterna- 
tively, the state may, at its own ex- 
pense, obtain a new right-of-way for a 
utility, the latter being then required to 
quitclaim the original right-of-way to 
the state. 

It should be noted that the above 
discussion applies to utilities in free 
ways and not to those in other high 
ways in the state system, or in county 
roads and city streets, which are cov 
ered by a franchise, permit or agree- 
ment that may contain a contractual 
obligation on the part of the utility in 
volved in construction 


William G. Banks 
Div. Engr., Div. of Water, Newark, NJ. 


The extensive development of ar 
terial road systems by the states has 
brought about a situation requiring full 
cooperation between the utility and 
highway authorities whenever the util 
ity desires to cross the highway with 
its structures, or the highway depart 
ment changes the alignment or grade 
of an existing highway, necessitating 
alterations im the utility's structures. 

The New Jersey Highway Dept., 
which builds and maintains the high 
way system in the state, has established 
policies governing public utility struc 
tures on highwaws, freeways and park 
wavs. Highway is a regular state 
road; freeway is a state highway “es- 
pecially designed for through mixed 
trafic over which abutters have no 
easement or right of light, air or direct 
access, by reason of the fact that their 
property abuts upon such way, with 
infrequent public entrances and exits 
and with or without service roads; 
parkway is a state highway especially 
designed for through passenger traffic 
over which abutters have no easement 
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or right of light, air or direct access, by 
reason of the fact that their property 
abuts upon such way, with special treat- 
ment in landscaping, etc.” (Chap. 461, 
N.J. Laws 1948) 

Generally, the crossing of a high 
way with a public utility structure, 
such as a water main, occurs along an 
intersecting street. The problem then 
is to maintain highway traffic during 
the construction of the water main and 
to construct the main in such a way 
that the operation and maintenance of 
the utility will not interrupt traffic 

The use of sleeves or special culverts 
or galleries to carry large-size cast-iron 
transmission mains under the highway 
is the usual practice. The utility is 
required to make application to the 
New Jersey Highway Commission for 
permission to make the crossing, and, 
if approved, the commission will is- 
sue a permit for the construction. The 
cost of restoring the pavement is borne 
by the utility. 

When the highway commission 
makes changes in the alignment and 
grade of an existing highway under 
which utility structures are located, 
the state reimburses the utility for the 
cost of all the work required for the 
relocation and alteration of water mains 
and appurtenances made necessary by 
the reconstruction of the highway 
This procedure applies also when the 
highway commission desires to fe- 
move the water mains and appurten- 
ances outside of their proposed pave 
ment area. The cost of building any 
water mains and appurtenances which 
are an improvement and betterment to 
the system is borne by the utility. 


Highway Commission Policies 


Some of the policies pertaining to 


water supply structures established by 


f 
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the commission for freeways and park- 
ways provide: 


1. That all new utilities, both aerial 
and underground, located longitudinally 
with the highway shall be excluded 
from permanent freeway and parkway 
right-of-ways. 

2. The Freeway and Parkway Acts 
provide that the state shall pay for the 
relocation of existing public utility fa- 
cilities disturbed by freeway and park- 
way construction. This provision will 
not apply if the disturbance is oc- 
casioned for the convenience of the 
contractor. 

3. The following principles shall 
he applied in the relocation of existing 
public utility facilities, which include 
pipes, mains, conduits, cables, wires, 
towers, poles and other equipment or 
plant : 


a. It is desired that utility construc- 
tion shall be made at grade separation 
structures and not under the freeway 
and parkway between such separation 
structures. 

b. When it becomes necessary to 
locate utility construction between the 
grade separations or stream structures, 
such construction shall be underground, 
and manholes or points of access shall 
be located outside the permanent right- 
of-way. Situations requiring large, 
heavy structures to accommodate the 
utility facility under the parkway or 
freeway shall be subject to special 
study and individual decision. 

c. Water facilities passing under 
freeway and parkway roadways shall 
be constructed of extra-long-life ma- 
terials not subject to leakage. Valves 
shall be installed on each side beyond 
the permanent right-of-way limits. All 
appurtenances shall he located outside 
the right-of-way. 
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d. Where large water pipe facilities 
are involved, special alleries of suit- 
able design and size shall be considered, 
having due regard to maintenance and 
replacement problems. 

e. Where the freeway or parkway 
crosses pipelines involving no struc- 
tures, and where the grade elevation of 
the line is such that it need not be re- 
located, the pipeline shall be rehabili- 
tated, if required, with long-life ma- 
terials of adequate strength. 

f. Where it has been determined as 
necessary for a pipeline to cross under 
a freeway or parkway (other than at 
bridges), the crossing shall be made 
as nearly normal to the freeway or 
parkway centerline as possible. Long, 
diagonal crossings are not desired. 

g. Existing water mains which cross 
the freeway or parkway right-of-ways 
at a number of points within the same 
general area shall be combined so far 
as practicable to reduce to a minimum 
the total number of crossings. This 
procedure will involve payment by the 
state for relocation work at places other 
than the site of the freeway or park- 
way when it can be demonstrated that 
such a combination of crossings is the 
preferable method. 

h. In relocating and rehabilitating 
utility facilities with new materials, the 
utility shall make due monetary al 
lowance to the state for the deteriorated 
value of the replaced materials. 


Special problems will be the subject 
of special study, consideration and in- 
dividual decision. 


Relocation of Newark Mains 


As a result of the policy of the New 
Jersey Highway Dept., the Newark 
Div. of Water has been required, dur- 
ing the past fifteen years, to relocate 
water mains at five different places on 


i 
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account of highway construction, Two 


projects, involving the relocation ol 
large transmission mains (42-, 48- and 
60-in. in diameter) were carried out by 
state highway department contractors 
under the specihcations ot the New 
ark Div. of Water, incorporated by 
the highway 

tract The other 
projects, including a 24-1n 


department m its con 


documents three 
ing under the highway 1 a gallery and 
alterations made necessary by changes 
in alignment of the highways, were ex 
ecuted under contract by the Newark 
Div. of Water, later reimbursed by the 
\ll of the pro) 
written 


highway department 


ects were covered by agree 
ments 

In connection with new highway con 
struction, the division of water 1s Oo! 
ten obliged to install facilities which 
mav not be used for a long time, and a 
few may never be used. Such is the 
price of progress and preparedness 

Relations with the New Jersey 
Highway Dept most har 


monious and there has been the fullest 


have been 
cooperation by both parties, to the 
end that the 
construction shall result 


safest and best type ot 


Arthur C. King 


Supt Water Works launton Vass 


\ discussion of the effects of high 


way construction policies on water svs 


tems seems very timely, considering 


the stepping up ot highway improve 


ment activity throughout the country 


at all levels, from federal superhigh 
small-town roads 


wavs down to 


regulations govern 


State rules an 
ing the maintenance of utility systems 
do not usually present serious prob 
Massacl 


engineers af 


lems usetts, possibly be 


cause the quite coop 
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erative. The regulations may say that 
no new pavement shall be opened for 
five years, but the authorities realize 
that a leak in a water system must of 
necessity be repaired, regardless of the 
age of the pavement. 0, too, pave 
ments must be opened if that becomes 
necessary for the installation of serv- 
ice to new buildings 

An official permit must be procured 
before the pavement ts opened, how- 
ever, except in emergencies, when the 
permit may be procured later for the 
record. The permit tssued may dictate 
conditions or methods to be followed, 
such as pushing pipe beneath a pave- 
ment instead of tunneling or excavat- 
ing. 
restored to the satisfaction of the state 


The surface disturbed must be 


maintenance engineer 


Construction Problems 


In general, the construction of a 


highway in a new location perhaps 
causes fewer changes in water systems 
than the straightening, widening and 
grade changing incident to the im- 
provement of existing highways. On 
the other hand, if a new location by- 
passes the builtup section of a town but 
intersects a main which is the sole car- 
rier of water for the whole community, 


the water works management may be 


faced with a serious problem, not be- 


cause of the magnitude or expense Ol 
the difficulty 
of maintaining an adequate and de 


the work, but because of 


pendable supply while changes are 
being carried out, 

The same difficulty, in aggravated 
form, often arises when highway con- 
location or 


fe ws the 


struction, either im a new 
hecause of improvements, 
general direction of a supply main but 


does not parallel it. If the main is im 


good condition and adequate for the 
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demand in the foreseeable future, the 
problem may assume considerable pro- 
portions. 

Widening an existing highway or 
constructing a broad, new one brings 
up the question of how best to provide 
water service, presently and in the fu- 
ture, on both sides of the highway. 
Present domestic may 
readily be met, though it ts 
costly, by the installation of services 


water needs 


even 
crossing under the highway. Fire hy- 
drants may also be installed on both 
sides to avoid the obstruction of traffic, 
in the event of fire, by lines of hose 
across the pavement. 

Providing for future domestic and 
industrial another matter. 
This problem is frequently taken care 
of by installing a main of proper size 


service is 


on one side of the highway to supply 
hydrants on both sides. Then 
tions of smaller parallel mains are in- 


sec- 


stalled as required between the hy- 
drants on the opposite side from the 
large main. 
not be laid until the need materializes. 
This need, of course, may or may not 
be immediate, depending on the kind 
of property located along the highway. 


These parallel mains need 


Financial Responsibility 


Perhaps the first, and often the most 
difficult, question to answer is: “Upon 
whom does the financial responsibility 
rest 
as serious now as a few years ago, is 


The second question, not quite 
usually : “How can the necessary stock 
valves and so 
forth be procured in time, if not al- 
ready on hand?” Then a third ques- 
tion “Who shall perform the 
actual work, regardless of allocation 


of cost?” 


of pipe, hydrants, gate 


arises: 


In Massachusetts a large amount of 


highwa” work is carried out under a 


HIGHWAY CONSTRUCTION 


POLICIES 31 


divided financial responsibility. This 
is not strictly state highway construc- 
tion but is called “Chapter 90" work, 
after the legislative act authorizing a 
division of cost among the state, county 
and town, the word “town” being used 
This 
arrangement is somewhat comparable 
to federally 
projects in some states. 


to denote either a city or a town. 
aided secondary-system 
Usually the di 
vision is 50 per cent from the state and 
25 per cent each from the county and 
the town. Sometimes the county does 
not join in the project, and the cost is 
equally divided between the state and 
the town. For these Chapter 90 proj- 
ects, the state plans the work and 
furnishes the engineering for the con- 
struction, and the county or the town 
makes any required expropriation of 
land in addition to paying its respec- 
tive proportion of the 


construction 
The suggested project layout is 
officially adopted by the county or the 


costs. 


town before proposals for construc- 


tion are requested. Contracts are 
awarded by the town with the advice 
of the state. 

Private utility compamies, whether 
telephone, electric, gas or water, are 
required to make any necessary changes 
in their own systems at their own ex- 
pense and, since the towns are partici- 
pants in the sponsorship of the proj 
ects, the publicly owned utilities are 
also required to perform the work and 
bear the expense of changes in their 
systems. In some Chapter 90 con- 
tracts, changes in utility systems are 
included in the specifications as “non- 
participating” items, for which the util- 
ity pays the contractor directly. 

In contrast to Chapter 90 work, 
projects for principal highways which 
are built or improved with federal aid 
include, in the contract specifications, 
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provision for changes in utility sys- 
tems to be made by the contractor. 
This procedure seems to be more equit- 
able and businesslike since the contract 
figures thereby include all the expense 
of the project instead of concealing 
part of it in the general cost of opera 
tion of the utilities, whether privately 
or publicly owned 
Timing Difficulties 

Because the authority of the state 
outranks that of the town, it becomes 
mandatary tor the latter to periorm 
the work entailed by the project lay 
out accepted Most publicly owned 
water systems are obligated to oper- 
ate under the budget plan of the town 
and have no funds other than the yearly 
appropriations. Thus an extra ex 
pense added later in the year than the 


town meeting or the adoption of the 


budget obliges the water works to do 
certain work without an appropriation 
to cover the cost. In Massachusetts, 
therefore, the timing of the state high 
way work ts a most difficult problem to 
solve 

The state engineers have studies and 
plans ready for the improvement and 
construction of many highways, but the 
work to be done in any particular year 
is not decided upon until that vear ar- 
rives, In fact, no one can feel sure 
when a certain job will be done until 
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the construction contract is actually 
awarded. Then the contractor is called 
upon to start work within a few days, 
and the utilities are expected, or at 
least requested, to have the necessary 
changes in their systems made at once. 
The contractors and the utilities are 
immediately in conflict and in one an 
other's way. The contractor provides 
himself with an alibi in advance by 
complaining that the utilities are delay- 
ing his work, and the utilities are hard 
pressed to take care of this extra work 
along with their planned program. It 
seems that there is no solution for this 
difficulty, as circumstances may bring 
postponement of the work even after 
bids have been received. If the utili- 
ties have made the changes in advance, 
their labor and expense may be in 
vain. Some pipes may be left with too 
little cover, others far deeper than nec- 
essary; hydrants may be in strange, 
perhaps dangerous, locations; and the 
old street surface may have been un- 
necessarily destroyed by cross excava- 
tions. It simply does not seem feasible 
to try to get the work done early. 

The state engineers and the better 
contractors, however, are usually co 
operative and will meet the utilities 
halfway in their efforts to push the 
entire project to completion, but there 
still remains the problem of expenses 
not included in the budget. 


Advances in Chemical and Colorimetric Methods 
By J. J. Connors 


A paper presented on Oct. 27, 


1949, at the California Section Meeting, 


Sacramento, Calif., by J. J. Connors, Bacteriologist-Chemist, East Bay 


T is not the intent of this paper to 

present an exhaustive review of re- 
cent advances in analysis, as Love (1) 
has performed this service. Many im- 
provements have been made in exist- 
ing techniques since Love's survey, 
and mention will be made of a few of 
these at the end of the paper. For the 
most part, however, emphasis will be 
placed on the new and, to the water 
analyst, very important methods de- 
veloped by Schwarzenbach for the de- 
termination of the calcium hardness 
and total hardness of water by simple 
titrations, and the calculation of mag- 
nesium hardness by difference. These 
methods, published in the last four 
years, are of impressive simplicity and 
accuracy, but the interferences are not 
all known and accounted for and some 
work remains to be done. Neverthe- 
less, the methods appear susceptible 
of refinement, and there seems little 
doubt that in a relatively short time 
they will replace the present methods 
for the routine determination of the 
hardness of water, including, perhaps, 
the usual gravimetric analysis. 

Since 1945 Schwarzenbach, of the 
University of Zurich, together with a 
number of collaborators, has published 
a series of related papers dealing with 
various organic compounds which form 
complexes with metal ions, particularly 
the alkaline earths (2). In the course 
ot his investigations, he discovered that 
one complex-former particular, 
ethylenediaminetetraacetic acid (also 
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known in the United States by various 
trade names and referred to here- 
after as versene *) formed stable, color- 
less complexes with calcium and mag- 
nesium, hydrogen ions being released 
from the complex-former im propor: 
tion to the amount of calcium and mag- 
nesium present. In his original work, 
he titrated calctum and magnesium with 
versene and determined the endpoint 
of the reaction from pH changes re- 
sulting from the release of hydrogen 
ions. Later it was found that a dye, 
Eriochrome black T, also known as 
F241, formed colored complexes with 
both calcium and magnesium at pH 10, 
the color being wine-red while the dye 
itself is blue. Since versene will re- 
move calcium and magnesium from 
complexes with the dye, a titration can 
be performed with this reagent, the 
endpoint color change being from wine- 
red to blue. Calcium is reported (2) 
to form a weak, unstable complex 
with the dye which does not permit 
solutions containing only calcium to 
be titrated with versene alone. If a 
little magnesium is added to the ver 
sene, however, the endpoint marks the 
final removal of magnesium from the 
dye, and calcium solutions can be ti- 
trated successfully. It has been stated 
that the conditions of the test can be 
modified in such a way that calcium 
yields a better endpoint than mag- 
nesium. 

*Trademark controlled by Bersworth 
Chemical Co., Framingham, Mass. 
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The reagents required for this titra 
tion are the dye, the complex-former 
and a buffer of pH! 10 which ts easily 


prepared 


Total-Hardness Determination 


| Note 
the procedure for total-hardness deter 


The author's description of 


tnination is omitted, as detailed direc 
tions for preparing the reagents and 
making the tests are given in this tssue 
of the Journat by Diehl, Goetz ancl 
Hach (p 40} Noll 


(p 49) \ Connors’ discussion of the 


and by Betz and 
necessity for precise color comparisons 
and the effects of interfering materials 


Ed.\ 


follows 


Although color comparisons have not 
generally been considered necessary im 
this determination, the East Bay Dist 
found them 
work, 


laboratories have highly 


desirable im accurate particu 


larly under variable lighting cond 


tions. The endpoint is sharp, but there 
is a range of intensity in which a selec 
Consistency ol 


than the 


tion must be mracte 


chore is more mnportant 


chosen as the endpoint. It 


that 


exact color 
there are slight 


has been tound 
qualitative differences im the endpoimts, 
depending on the reagents used, ther 
apparently, the 
tested kor 


specihi ations 


concentrations and, 


sample 


hardness ot the 


these reasons, no rigid 


for color comparisons can be given, but 
| that, 


} 
be mentlhones because 


the 


Pass rity 


as well 


ot contamination, 
| 


as mstability are 


those pre pared 


caicim ana 


(ne drop of 


bromophenol blue indicator solution in 
1 of saturated borax solution has 
‘ 


ow concentra 


the reagents 
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event, it is believed that attention to 
such details will make the determina- 
tion more accurate than it is now 
claimed to be. 

Diehl, Goetz and Hach report the 
accuracy of this method to be within 
4 total 


2 ppm. of the hardness 
as calcium carbonate, and the method 


actual 
has been apphed to waters with a 
total hardness of 1,400 ppm. 
laboratories indicates 


Experi 
ence in district 
that, in 
ment, the method will not yield ac- 


its present state of develop- 


curacy of this degree with all waters 
Betz Noll report 
an overall accuracy within 2 per cent 
ppm. in the 
hardness range 0.0—2.0 ppm. by em 


{see below ) and 


and an error of only 0.1 
ploving a special techmique 


The applying the 
method to certain treated waters, found 


author, when 
that no endpoint could be reached be 
cause of traces of copper remaining 
treatment of reservoirs with 
The 
able to 
copper from its complex with the dye, 


from the 


copper sulfate versenate pre 


sumably was not remove the 


and, since the copper-dye complex is 


colored similarly to the magnesium 


dve complex, the red color could not 
found that by 


be discharged. It was 


adding sodium diethyldithiocarbamate 


to the buffer solution the copper could 
he tied up and the interference avoided 
This information was communicated to 


the supplier of the reagents, who sub 


sequently marketed a modified dye 
which permits the titration to be per 
formed in the presence of copper 

Iron is reported by Diehl, Goetz and 
Hach to precipitate the dye unless the 
buffer solution is added to the sample 
before the indicator 

Manganese also interferes with the 
being 


titration, the effect apparently 


a catalytic one resulting in fading of 


the color of the magnesium-dve com 


\s little as O.O1 ppm. manganese 


less troublesome than Ei 
from the reagents with Hi 
tions of the dye are employed. In any Es 
‘References to sources of 
vill be found on p. 39 lex 
: 
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will cause fading overnight, but in- 
terference does not become important 
under ordinary conditions until the 
concentration of exceeds 
0.1 ppm. Rossum and Villaruz (3) 
have avoided this interference by ex- 
posing the buffered sample to the at- 
mosphere for several hours before ti- 
tration. The author has avoided the 
interference by oxidizing the manga- 


nanganese 


nese with chlorine water and boiling 
out the method 
which requires some care to prevent 


excess chlorine, a 
reduction of the manganese by boiling. 
These methods are of less interest now 
that a modified indicator 1s available 
which, according to Diehl, Goetz and 
Hach, permits the titration to be per- 
formed in the ppm. 
manganese. Another method, reported 
by Betz and Noll, involves the use of 
a buffer sodium sulfide 
which obviates the copper, manganese 


presence of 20 


containing 


and iron interferences. 

An interference not previously re 
ported has been observed very recently 
in the district laboratories. The effect 
of the interfering agent is to lower 
the total hardness as found by the 
Schwarzenbach titration 
large amounts is suspected, but the evi- 


Silica in 


dence so far collected is not conclusive. 
Whatever the source may be, the in 
terference can usually be overcome by 
dilution, 

It is that any 
serves to sequester either calcium or 


clear agent which 
magnesium will cause low results to be 
obtained if the sequestering action 1s 
greater than the complexing action of 
This ef- 
fect probably accounts for occasional 


versene or of the indicator. 


large errors in determinations made on 
undiluted samples. In all strange wa- 
ters such errors are best detected by 
titrating a 50-ml. portion without dilu- 
tion and a 20-ml. portion diluted to 50 
ml. with distilled water. If the results 
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differ by more than 2 ppm. of hard- 
ness, the diluted portion is likely to 
be the more dependable. The causes 
of such errors are being investigated. 

The waters analyzed in the district 
laboratories yield total hardness values 
(by the Schwarzenbach titration) 
which are lower by about 2 per cent 
than the values given by careful gravi- 
metric analyses. Ingols and Murray 
(4) have shown that even very careful 
gravimetric determinations 
made in with Standard 
Methods usually will yield high values, 


calcium 
accor( lance 


due principally to occlusion of sulfate. 
They believe the sulfate is included as 
part of the calcium oxalate crystal. In 
most natural waters, increasing hard- 
ness will be accompanied by increasing 
sulfate concentrations, and it is quite 
possible that the error will approxi 
mate 2 per cent. Calcium values de- 
termined by titration with permanga- 
nate may also be too high because of 
oxalate. very careful 
work will be required to clarify this un- 
certain situation, 


excess Some 
It is interesting that, 
although Betz and Noll state the ac- 
curacy of the Schwarzenbach method 
to be within 2 per cent, their data sug- 
greater accuracy 
artificial solutions are tested. 


gest a much when 
It seems 
likely that their 2 per cent figure re- 
sulted from analyses of natural waters, 


the “true” hardness of which had been 


determined gravimetrically. 


Calcium Determination 


When a solution contaming both 
calcium and magnesium is titrated with 
versenate in the presence of Eriochrome 
black T, the calcium is removed from 
its complex with the dye before the 
magnesium. No indication of the re- 
moval of the last of the calcium can be 
and a “calcium 
endpoint” cannot be determined. If 
one can remove the calcium, the re- 


observed, however, 
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maining magnesium can be titrated and 
the calcium obtained by difference 
(total hardness minus magnesium 
hardness). Rossum and Villaruz (3) 
have described a technique for precipi 
tating the calcium as calcium oxalate 
and filtering; the filtrate is then ti- 
trated with versenate for the magne- 


sium hardness. The author investi- 


gated this procedure independently and 


secured results similar to those of Ros- 
sum and Villaruz, who point out the 
necessity to filter off the precipitated 
calcium This requirement 
makes the procedure much less de 


oxalate 


sirable 

On consulting the original publica- 
tions of Schwarzenbach (2) it was 
learned that he had investigated the 
compound ammonium acid purpurate, 
or murexide, and had that it 
formed a colored complex with cal- 
Ver 


sene will remove the calcium from the 


found 
cium but not with magnesium. 


calcrum-murexide complex, and hence 
murexide can be employed for the de 
termination of calctum hardness in the 
same manner as Eriochrome black T 
is employed for the determination of 
total hardness. Sodium hydroxide is 
used to attain the necessary pH, and 
the color change is from red-violet to 
violet 

Inquiry disclosed that murexide is 
not available commercially in this coun 
try, but its synthesis is supposedly not 
difficult (5). A small sample, pur- 
chased in Germany before World War 
I, was obtained, and some investiga 
The 
following observations can be made on 
these studies, with the reservation that 


tions have been conducted with it. 


they may not apply to other samples 
of murexide 

1. The murexide is employed as a 
The solu 
tion is unstable (as the solid is reputed 


saturated aqueous solution. 
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to be) and, when not kept in contact 
with the solid, has decomposed in a 
le Saturated 


time as short as two days 
solid, 


solutions in with the 
remained usable for 
Since Schwarzen- 


bach seems not to emphasize the in- 


contact 
however, have 


more than a week 


stalnlity of the compound, one may ex- 
pect that sufficient demand will make 
stable forms of the reagent available. 

2. A separate standardization is re- 
quired for the determination of calcium. 
A versenate solution, 1 ml. of which 
is equivalent to 1 mg. of calcium car- 
when Eriochrome black T is 
employed the will be 


bonate 
indicator, 


rABLE 1 


Calctum Determination 


Versenate and 
Murexide Titration 


sravimetri 
Analysis 


equivalent to about 1.05 mg. calcium 
when murexide is used as 
the calcium indicator. This discrep- 
ancy may be due to the particular lot 


carbonate 


of murexide employed. 

3. Copper in a concentration of 1 
ppm, does not interfere (except to in- 
crease the hardness obtained) nor does 
manganese, which, when present in a 
concentration of about 5 ppm., is pre 
cipitated by the sodium hydroxide. 

4. Time has not permitted sufficient 
work 
about the accuracy possible, but the 
indications are that an accuracy within 
approximately 2 ppm. of calcium car- 
can be obtained, 


to justify positive statements 


bonate hardness 


95 23.0 23.2 
4 54 15.0 15.2 
1 30 9.3 8.4 
191 45.0 43.6 
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Table 1 shows some selected results on 
waters analyzed gravimetrically in an- 
other laboratory. 

5. The use of a color comparison is 
imperative if accurate results are to be 
secured. The color change at the end- 
point is not comparable in clarity to 
that obtained in the determination of 
total hardness with Eriochrome black 


Reagents 
The following reagents are used: 


1. Complexing reagent. Use a ver- 
senate solution as in total-hardness de- 
termination, 

2. Alkali solution. Schwarzenbach 
recommends 10 ml. of 1 N sodium hy- 
droxide for a 200-ml. sample. For 
routine determinations, a 50-ml. sam- 
ple will be found more convenient, and 
2.5 ml. of 1 N sodium hydroxide will 
suffice. The following have also been 


[1] 0.6 


employed for 50-ml. samples : 
ml. of 4 N sodium hydroxide or {2| 
1.0 ml. of a mixture of equal parts of 4 
N sodium hydroxide and_ saturated 
sodium tetraborate solution. 


3. Indicator solution. Saturated 
aqueous solution of ammonium acid 
purpurate (murexide), containing a 
small amount of undissolved murexide. 
The supernatant should be used. 

4. Standard calcium chloride solu- 
tion. Dissolve 1.000 g. cp. calcium car- 
bonate with a small amount of dilute 
hydrochloric acid, being careful to 
avoid spattering. Wash down with 
distilled water and neutralize the solu- 
tion with dilute ammonium hydroxide 
to slight alkalinity, using litmus as an 
indicator. Make up to 1 1. with dis- 
tilled water and store in a glass-stop- 
pered bottle; 1 ml. of this solution is 
equivalent to 1 mg. calcium carbonate. 

5. Color comparison. Two drops of 
cresol red indicator solution (as used 
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in pH determinations) in 60 ml. of 
saturated borax solution. 


Standardisation of Complexing Rea- 
gent 


Pipet accurately 20 ml. of stand- 
ard calcium chloride solution into a 
casserole. Add 0.6 ml. of 4 N sodium 
hydroxide and five drops of the mu 
rexide indicator solution. Add_ the 
versenate from a buret until the color 
of the solution matches that of the color 
standard. It will be found more con- 
venient to employ the same versenate 
solution as for the total-hardness de- 
termination and to use a factor. 
lest Procedure 

Measure 50 ml. of the sample in a 
graduated cylinder. Pour about 40 ml. 
into a casserole and add 0.6 ml. of 4 
N sodium hydroxide and five drops of 
murexide indicator. Add versene sol- 
ution until the color of the sample 
matches the color standard. Add the 
remaining portion of the sample and 
again titrate slowly until the color of 
the sample matches the color standard. 
Schwarzenbach recommends that the 
titration should not be delayed unduly 
because of the possibility of calcium 
carbonate precipitating. 


Other Recent Advances 


Although, as mentioned previously, 
no exhaustive attempt. will be made to 
assess the numerous publications that 
may be of interest to the water works 
field, there are a number of papers 
which have caught the author’s at- 
tention and perhaps deserve further 
study. Among these are Ayres’ (6) 
critical analysis of photometry and the 
accuracy to be expected from photo- 
metric techniques. His discussion of 
the theoretical bases for evaluating the 
results of photometric analyses, and 
particularly the enormous errors which 
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may come from improper application 
of photometry, deserve consideration 
by all persons using these techniques 
without extensive knowledge of the 
In the light of Ayres’ 
that the results of 


theory involved 


paper, it appears 


West and Compere (7) were secured 
at the expense of recognized photo- 


metric 
The flame 
photometer as a means of determining 


principles 
attractiveness of the 


sodium and potassium is greatly en- 
hanced by the intelligence that the very 
large errors involved are due largely to 
improper mstrument design which is 
remediable (8). The desirable 
range is found to be 0-10 ppm., al- 


most 


lowing water to be analyzed without 
Smaller 
find 
calculating 


concentration 
will no doubt 
method of 


laboratories 
Rossum’s (9) 
from 
The 
same mvestigator has also employed 
conductance data for checking the ac 
curacy of water analyses (10). Lamar 
(11) has attacked the difficult prob- 
lem of determining the color of tur 


sodium 
conductance data more practical, 


bul waters by using an electrolyte (cal- 
cium chloride) to precipitate the tur 
bidity. Taras continues his researches 


on alkalinity indicators and has re 
cently presented another indicator for 
(12). 


\n example of the many painstak 


carbonate alkalinity 


Ing Improvements made im well known 
procedures is the work of Ingols and 
Murray (4), who have shown that the 
precipitation of 


calcrum as. calcium 


oxalate can be made more accurate by 
employing the hydrolysis of urea to 
raise the pH sufficiently to permit the 
tormation of the erystals Che proce 
dure results much larger crystals and 
less occlusion, particularly of sulfate 

The experience gained in the prepa 
ration ot this paper has convinced the 
author that the communication of use 


tul mftormation in the field of water 
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analysis requires a less formal medium 
than a full-length article in the JouRNAL 
or other publications. The need for 
accumulating a reasonable amount of 
data before publication can easily re- 
sult in the withholding of information 
It seems likely 
that the rapidly increasing amount of 
work with the Schwarzenbach meth- 
ods will produce a great deal of im 
portant information that will take much 
too long in dissemination. It is sug 
informal but regular 


ot considerable value 


gested that an 
means of communication be organized 
on a Sectional basis, with, perhaps, 
some coordination being provided by 
the A.W.W.A. on a 
Water analysts must be encouraged to 
report their as their 
successes, the former frequently being 
more enlightening than the latter. 


national basis. 


failures as well 
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Since information reached North 


America concerning the research of 
Biedermann and Schwarzenbach on hard- 
ness determinations, interest in the proce 
dures has grown rapidly.  Preiiminary 
outlines of methods have been circulated 
and many laboratories have applied the 
methods to thei local problems 

It seems appropriate to include in the 
JourNAL, along with Connors’ valuable 
resume of new methods, *two somewhat 
parallel outlines of hardness testing meth- 
ods, both of upon the 


Schwarzenbach studies. 


which are based 


that the 
will 


Jecause it appears likely 
Standard Methods Editorial 
include a form of this procedure in the 
next edition, it 1s considered proper to 
publish Connors’ review ot the procedure 
and the work done by Diehl, Goetz and 
Hach, as well as that done by Betz and 
Noll. Diehl, Goetz and Hach submitted 
a brief paper for publication in Novembet 
1948 and a revised text in December 1949 
Betz and Noll submitted their paper in 
August 1949. Both papers, in their origi 
nal form, were sent to a number of labo 
From 


Joard 


ratories for trial of the methods. 
the two papers there should evolve a pro- 
cedure suitable for publication in Stand 
ard Methods. 

In connection with the use of the pro- 
cedures, two studies appear to be indi- 
cated. First, there is a question whether 
or not the solutions related to the proce 
dures should be kept in pyrex rather than 
in soft-glass bottles. Schwarzenbach in- 
dicates that soft glass is less desirable 


than pyrex. It also appears wise to check 


the buffers at intervals not less often than 
once every 30 days, particularly if the 
solutions are used daily. Definite infor- 
mation upon this point is needed. 


Sources of Reagents 

It is unfortunate that the introduction 
of these procedures into the American 
scene is being complicated by a competi- 
tive commercialized situation. The com- 
pound ethylenediaminetetraacetic acid, or 
disodium dihydrogen ethylenediamine- 
tetraacetate dihydrate, is sold under the 
trade names Iminol D, Nullapon, Trilon 
B, Sequestrene NA 2, 
others. 

At the time of publication, the follow- 


ing sources of reagents were known: 


Versene and 


1. Ethylenediaminetetraacetic acid is 
Alrose Chemical Co., 
Providence, R.|.; from Bersworth Chemi 
from W. H. 
& L. D. Betz, Philadelphia; from Organic 
Chemical Div., Eastman Kodak Co., 
Rochester, N.Y.; and from Hach Chemi- 
cal Co., Ames, Iowa. 

2. Eriochrome black T is available 
from W. H. & L. D. Betz, Philadelphia ; 
from Chemical Div., American 
Bound Brook, from 
E. I. duPont de Nemours & Co., Inc., 
Wilmington, Del., under the name 
“Pontachrome black TA”; from Geigy 
Co., Inc., New York; from General Dye- 
stuff Corp., New York; and from Hach 
Chemical Co., Ames, lowa. 


available from 


cal Co., Framingham, Mass. ; 


Calco 
Cyanamid Co., 


There is reliable evidence that both 
materials are obtainable from other 
chemical manufacturers not presently 


listed with this office. 


on 
a 
a 
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The Versenate Titration for Total Hardness 
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istry, lowa State College, Ames, lowa; Charles 


A. Goetz, Prof., Dept. 


of Chemistry, lowa State College, Ames, lowa,; and Clifford C. Hach, 
Pres., Hach Chemical Co , Ames, lowa. 


CHWARZENBACH of the Uni- 
S ersity of Zurich has reported in 
Helvetica Chimica Acta for 1947 and 
1948 the results of a brilliant series of 
investigations of the complex ions of 
the alkaline-earth and other metals 
with aminopolycarboxylic acids. 
notriacetic acid, ethylenediaminetetra- 
acetic acid and other aminopolycar- 
boxylic acids form very slightly ionized 
compounds with the alkaline earths, 
and the formation of these materials 
can be employed for the determina- 
tion of calcium, magnesium and vari- 
ous bivalent metals. The problem ot 
determining the endpoint in this titra- 
tion was solved by Biedermann and 
Schwarzenbach (1) in an unusual man- 
ner, using a dye which also has the 
property of forming slightly ionized 
compounds with magnesium and cal- 
cium. For the determination of the 
total hardness of water (calcium plus 
magnesium) the method is superior to 
the soap method in accuracy and speed 
and is equal in accuracy to the time- 
consuming soda-reagent method. 


Principle of Method 


An alkaline solution of the organic 
acid : 


HOOC CHy-COOH 


40 


(ethylenediaminetetraacetic acid), ab- 
breviated H,Ver, is marketed under the 
common name of This 
acid forms a series of salts on neutrali- 


“versene.”’ 


zation with sodium hydroxide, one of 
which, disodium dihydrogen versenate, 
Na,H,Ver-2H,O, is used in the prepa- 
ration of the standard solution for the 
titration of ¢alcium and magnesium. 
The determination of total hardness is 
upon the stable, 

lonized magne- 


based formation of 


calctum and 


sium compounds : 


slightly 


Na,H,Ver + Ca 
Na,H,Ver + Mg’ 


Na,CaVer + 2 H’ 
Na,MgVer+2 H’ 
The magnesium 
what 


compound is some- 
than the cal- 
Schwarzenbach (2) 
has determined the constants for the 
formation of undissociated cal- 
clum and magnesium compounds as 
3.0 x 10" and 5.0 x 10° respectively. 

The dye which is employed as indi- 
black a 
soluble, undissociated, wine-red com- 
pound with magnesium. This com- 
pound is ionized to a greater extent 
than the magnesium versenate com- 
pound. Thus, during the titration the 
versenate first combines with the free 
calcrum tons, next with the free mag- 
nesium ions, and finally, at the end- 
point, extracts magnesium from the 


more dissociated 


clum compound. 
these 
T, forms 


cator, Eriochrome 


\ 
N-CHe~CHe—N 
CHy-COOH 
|_| 
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magnesium-dye compound, changing 
the color from wine-red to blue. 

Of the various hydroxylated, azo 
dyes that have the property of form- 
ing colored compounds with magne- 
sium, the best for the purpose appears 
to be Eriochrome black T, also known 
as F241. F241 is a tribasic acid (ab- 
breviated H,In) which functions as an 
acid-base indicator with two color 
changes : 

NaH,In = Na,HIn = Na,In 
orange 
pH 11.5 


wine-red blue 


pH 6.3 


Of these three forms, only Na,In 
forms un-ionized, colored compounds 
with the alkaline-earth metals: 


Mg** + Na,In = NaMgIn + 2 Na’ 


The equilibrium constant for this reac- 
tion, K = 10°, is so great that in the 
pH range & to 10 the blue form, 
Na,HIn, is converted directly to the 
wine-red magnesium compound : 
NasHIn = NaMgIn + H+ + Nat 


blue —_-wine-red 


Me** 


On the addition of sodium versenate 
to such a selution, the magnesium is ex- 
tracted from the compound, NaMgIn, 
and the color reverts sharply from 
wine-red to blue. 

Although calcium forms a relatively 
weak, soluble, colored compound with 
Eriochrome black T, the compound is 
not sufficiently stable to serve as an in- 
dicator in the titration of calerum with 
sodium versenate. Since magnesium is 
required to function with the indicator, 
it is added to the sodium versenate 
solution before it is standardized. 
Thus, as the titration progresses, mag- 
nesium is introduced without requiring 
a blank correction. 

A pH value of about 10 is best for 
the titration. Above this value, mag- 


TITRATION FOR TOTAL HARDNESS 41 


nesium hydroxide may be precipitated, 
and at lower values the magnesium is 
not bound strongly enough to the dye 
to give the desired wine-red compound, 
NaMgIn. At higher pH values, also, 
the indicator shifts to its most alkaline 
(orange) form, so that at the end- 
point a blue color is not obtained. Hy- 
droxides and large amounts of carbo- 
nates which raise the pH above 10.5 
interfere for this reason, but the bicar- 
bonate ion and the carbonate ion, in 
themselves, as well as the ions of other 
weak acids, have no effect on the end- 
point. A pH of 10 can be readily ob- 
tained and maintained by the addition 
of a sufficient amount of an ammonia 
ammonium chloride buffer. At a pH 
of 10, the color change is sharp and 
may be approached rapidly, a great 
advantage over the soap titration. No 
boiling is required as in the soda re- 
agent method and the titration can be 
carried out rapidly. 

Biedermann and Schwarzenbach 
state that they were able to determine 
the total hardness of water with an 
accuracy within 2 ppm. The authors 
have confirmed this statement on wa- 
ters with hardness ranging up to 1,400 
ppm. The endpoint is sharp even with 
waters of extreme hardness, a situa- 
tion in which the soap titration usually 
fails and a repetition of the soda re- 
agent method with a smaller sample is 
necessary. The method is easily mas- 
tered by untrained operators and is ap- 
plicable to mixtures of calcium and 
magnesium in any ratio. The water 
temperature, over the ranges normally 
encountered, has no effect on the titra- 
tion. 

As usual, pure calcium carbonate is 
used as the standard of reference, a 
standard solution being prepared by 
dissolving a weighed amount in hydro- 


4 
a 
4 
S 
q 
q 
| 
| 
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chloric acid and diluting to a definite 


Using various volumes of 


standard calcium solution. the results 


volume 


obtained for the calcium carbonate titer 


of the standard sodium versenate solu 


tion are identical within one part im 
500 
solution ts 


The standard sodium versenate 
stable if pre 
pared as described below. 

One of the 
this titration is that it is not affected 


sufficiently 


remarkable features of 
by considerable concentrations of salt 
Thus, the authors have found that the 
titration is sharp and accurate in solu 
tions containing up to 15 g. of sodium 
chloride per 100 ml. The utility of this 
fact in following the regeneration and 
washing of zeolite softening beds 1s ob- 
Foams caused by detergents 
effect on the 
used im 


vious 
titration ; 
the 
calctum 


are without 


some detergents tests 


contained which 
Water containing poly- 


satistactorily 


themselves 
was titrated 
phosphates cannot be 
titrated for total 
hardness in excess of the polyphos- 


either hardness or 


phate. 


Interferences 


The method was found to give satis 
factory results on most waters, but in 
an occasional sample trouble was ex- 
That 
copper was a source of difheulty was 
first pointed out to the authors by J. J. 
Connors, East Bay Municipal Utility 
Dist., Calif.. who suggested the addi 


perienced with the endpoint. 


tion of sodium diethyldithiocarbamate, 
which removes the copper by precipi- 
tation Studies of the effects of cop- 
per and certain other metal ions on the 
endpoint that the difficulties 


could be eliminated by the addition to 


showed 


the indicator of various materials which 
form complex ions or precipitates with 
the interfermg metals. 
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Copper. The addition of diethyl- 
dithiocarbamate to the solution of the 
eliminates the in- 
copper; this solution 1s 
designated as Indicator B. It ts in- 


indicator effectively 
terference of 


advisable to add diethyldithiocarbamate 
to the buffer solution, as it then re- 
acts with any iron present to give an 
undesirable amount of brown color to 
the solution \dded after the buffer 
has been introduced and the iron precip- 
itated as ferric hydroxide, the diethyl- 
dithiocarbamate is innocuous. For wa- 
ters containing up to 5 ppm. of copper, 
then, the modified indicator ( Alternate 
Procedure 1, below) is recommended. 
If more than 5 ppm. of copper is pres 
ent, it is necessary to add sodium 
cyanide to complex the copper ( Alter- 
Procedure 2, below) 

Manganese present as 


nate 

Manganese 
manganese dioxide or manganate 
causes the endpoint with Eriochrome 


black T The 


reduction of these materials with hy 


to be rather indistinct. 


droxylammonium chloride obviates this 
trouble. Again it 1s recommended that 
the reagent be added to the indicator. 
The mixture of [:riochrome black T 
and hydroxylammonium chloride, des- 
ignated as Indicator 4, can be used on 
waters containing up to 0.3 ppm. of 
copper. Any bivalent manganese pres 
ent in the water titrates with the cal- 
cium and magnesium, 

Interference by 
countered if the indicator is added be 
fore the buffer; the iron combines with 
the indicator to give a pink tinge to the 
blue color beyond the endpoint. When 
the buffer is added before the indicator, 
and Indicator A its iron in 
amounts up to 20 ppm. does not inter- 
fere. The buffer precipitates ferric 
hydroxide and any dissolved iron tends 
to be reduced by the hydroxylamine. 


lron. iron 1s en- 


used, 


i 


i 


: . 
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If iron is present in excess of 20 ppm., 
a faint tinge of pink may remain in the 
blue color at the endpoint and it is 
necessary then to add sodium cyanide 
(Alternate Procedure 2, below). 
Aluminum in amounts 
exceeding 20 ppm. causes the endpoint 
to be indistinct. The addition of so- 
dium tartrate eliminates this trouble. 

Cobalt and nickel. Both cobalt and 
nickel interfere seriously with the end- 
point. The only effective method of 
overcoming this trouble is the addition 
of sodium cyanide (Alternate Proce 
dure 2). 


Buffer 


The ammonium hydroxide-ammon- 
ium chloride buffer recommended be- 
proved The 
amount of buffer added is not critical, 
an excess having no detrimertal effect. 


Aluminuin. 


low has satisfactory. 


Sodium hydroxide-sodium borate buf- 
fers and sodium hydroxide—sodium sul- 
borate 
and 


fide buffers, and mixtures of 
buffers tried 
found objectionable, the endpoints be- 
ing broad and indistinct. The amount 
of such buffers added is critical, an 1m 
proper quantity giving pH values either 
Alkaline sulfides 
are oxidized by air and do not keep 
well. In addition, iron is precipitated 
by sulfide and the blue-black precipi- 
tate interferes with the endpoint. In- 
asmuch as iron is frequently present, 


and sulfide were 


too high or too low. 


a buffer containing sulfide is not rec 
ommended. 


Reagents 
The following reagents are used: 


1. Buffer solution. Mix 67.5 g. of 
ammonium chloride with 570 mil. of 
concentrated ammonium hydroxide and 
dilute to about 1 1. 


TITRATIOY FOR TOTAL HARDNESS 43 


2. Indicators : 

Indicator A—mix 0.5 g. of analytical 
reagent grade Eriochrome black T 
(F241) with 4.5 g. of hydroxylam- 
monium chloride; dissolve 5 g. of this 
mixture in 100 ml. of alcohol. 

Indicator B—mix 0.5 g. of analytical 
reagent grade Eriochrome black T 
(F241) with 4.5 g. of dry diethyldithio- 
carbamate ; dissolve 5 g. of this mixture 
in 100 mil. of alcohol. 

Indicator (—dissolve 0.50 g. of ana- 
lytical reagent grade Eriochrome black 
T (F241) in 100 ml. of alcohol. 

3. Standard calcium chloride 
tion. Dissolve 1.000 g. of pure calcium 
carbonate * in a little dilute hydro- 
chloric acid. Dilute to exactly 1 1. and 
store in a glass-stoppered bottle; 1 ml. 
of this solution is equivalent to 1.000 


solu- 


mg. of calcium carbonate. 

4. Standard sodium versenate solu- 
tion. Dissolve 4.00 g. of analytical re- 
agent grade disodium dihydrogen ver- 
senate and 0.1 g. magnesium chloride, 
MgCl.-6H.O, in 750 ml. of water. 
Pipet out 25.0 ml. of the standard cal- 
cium chloride solution, add about 1.0 
mi. of the buffer solution and four drops 
of the indicator. Titrate with the stand- 
ard sodium versenate solution accord- 
ing to the procedure described below 
for the determination of 
water. 


hardness in 
The sodium versenate solution 
prepared as indicated above should be 
equivalent to more than 1.0 mg. of cal- 
cium carbonate per milliliter. Using 
the volume required for the titration 
and the total volume of the standard 
solution, calculate the volume to which 
the solution must be diluted to make it 


*Calcium carbonate meeting the A.C.S. 
specification is not satisfactory as the toler- 
ance for magnesium plus alkali metals is too 
high, 0.5 per cent. A more highly purified 
grade is required 


| 
i 
5 
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equivalent to 1.0 mg. of calcium car- 
bonate per milliliter. Make the re- 
quired dilution, mix well and restand- 
ardize. 


Procedure for Total Hardness 


For the determination of the total 
hardness of most waters, the following 
routine procedure should be employed. 
Occasionally interfering ions may be 
present (copper above 0.3 ppm. or 
large amounts of iron or manganese ) 
which cause the endpoint to be in- 
distinct; if so, Alternate Procedure 1 


HacH Jour. AWWA 
with no reddish tinge remaining. In 
daylight the color beyond the end- 
point is sky blue, but under a tungsten 
filament lamp it is almost colorless. 

Multiply the number of mtilliliters of 
standard sodium versenate solution by 
20 to obtain the total hardness as parts 
per million of calcium carbonate. The 
magnesium added to the standard so- 
dium versenate solution is accounted 
for in the standardization. 

The accuracy of the determination ts 
greatest when the volume of standard 
solution approaches the maximum vol- 


should be used 


when Alternate 


ume which can be delivered by the 
buret. The volume of the sample may 


(On the rare occasion 

Procedure 1 fails to 
TABLE 1 

Analysis of Limestone Samples 


Mat) 


one 


0.074 
0.103 
0.105 


0.071 
1.40 
1.86 


0.025 
0.028 
0.031 


1,000 
1,013 
1,038 


0.049 
0.045 
0.028 


* Standard Sample C« \mes, lowa 


t Per cent COs by difference 
give a good endpoint (because of unu 
sually large amounts of copper, iron or 
manganese) Alternate Procedure 2, 
which makes use of sodium cyanide to 
complex the various interfering metals, 
can be employed 


Routine Procedure 


Pipet 50.0 ml. of the water sample 
flask. Add about 1 ml. 


into a 250-ml 
of the buffer and 
swirling. Add four drops of Indicator 
A. Titrate with the standard sodium 


mix by 


versenate solution \t the endpoint, 
the solution should be clear and should 


pure blue 


change from wine-red to 


be adjusted to take advantage of this 
condition. Thus, for waters having a 
total hardness of less than 500 ppm., 
use a 100.0-ml. sample; for waters 
above 1,000 ppm., use a 25.0-ml. sam- 
The factor used in calculating the 


ple. 
results must be changed accordingly : 
100.0-ml. sample, multiply by 10; 50.0- 
ml. sample, multiply by 20; 25.0-ml. 
sample, multiply by 40. A small sam 
ple of a very hard water should be di- 
luted to approximately 100 ml. 
distilled water before adding the buffer ; 


with 


otherwise, magnesium hydroxide may 
be precipitated on addition of the buffer 
and erratic results obtained. 


* 
Alt Pos Sith Cal) Met COkt 
No* 
j per cent 
i 
1.22 54.28 0.85 43.42 
3.89 48.15 3.98 41.94 
| 2.62 38.12 12.81 43.54 
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Alternate Procedure 1 

Pipet 50.0 ml. of the water sample 
into a 250-ml. flask. Add about i ml. 
of the buffer solution and swirl to mix 
the solution. Add four drops of Indi- 
cator B and four drops of Indicator 4. 
Titrate with the standard sodium ver- 
senate solution. At the endpoint, the 
solution should be clear and should 
change from wine-red to clear blue or 
green. On the second titration, modify 
the size of the sample as discussed in 
the second paragraph under “Routine 
Procedure” above. Calculate the re- 
sults as described therein. 
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The extra volume of buffer solution 
(5 ml. rather than 1 ml.) specified in 
this alternate procedure is necessary to 
offset the additional alkalinity resulting 
from the hydrolysis of the sodium cy- 
anide added. 


Discussion of Results 


After checking the titration with 
known solutions of calcium and mag- 
nesium salts, separately and combined 


in various ratios, the method was tested 
on a number of hard waters. There is 
little point in checking the method 
against either the soap titration or the 


TABLE 2 


Analysis of Synthetic Hard Waters Prepared From Limestones 


Calculated Hardness as CaCO 


Limestone 


No 


Calcium 


1,000 


1,013 
1,038 


* Different analysts 


Alternate Procedure 2 


Pipet 50.0 ml. of the water into a 
250-ml. flask. Add about 5 ml. of the 
buffer solution and mix the solution 
by swirling. Add about 0.25 g. of so- 
dium cyanide, mix well and add four 
drops of Indicator A. Titrate with 
standard solution. 
The endpoint color will change from 
On the sec- 


sodium versenate 
wine-red to a pure blue. 
ond titration, modify the size of the 
sample as discussed in the second para- 
graph under “Routine Procedure” 
above. Calculate the results as de- 
scribed therein. 


Total Hardness Found 
by Sodium Versenate 
Titration 


Magnesium 


soda reagent method, both of which 
are relatively crude. In order to have 
a standard hard water which could be 
easily reproduced at some later time, 
standard limestone samples were dis- 
solved and diluted accurately to a large 
known volume so that a convenient ali- 
quot could be taken. The limestone 
samples used were analyzed carefully 
gravimetrically, two dehydrations of 
silica being made, the R,O, being re- 
precipitated and the precipitates of 
both calcium and magnesium reprecipi- 
tated before the final ignition and 
weighing. Parallel analyses were made 


| 

— — q 4 

— Total | q 

ppm 

na 969 21 990 987* 2 

990* 

&59 98 957 957 4 

680 318 998 997 fee 
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on U.S. Bureau of Standards limestone 
samples. The results of the analyses 
on the limestones used are shown 1m 


Table 1 


open to the pe ssible criticism that hard 


This general procedure ts 


waters inevitably contain some sul- 


fate, which is not present im the dis 
solved limestone solutions. It has been 
that 


titration, so 


sulfate has no 


that 


shown, however, 
effect on the 
criticism is not significant 


such 
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interfering ions. To aliquot samples 
of the 
amounts of foreign materials, and their 
effects on the volume of sodium ver- 
senate solution and on the character of 
The results 


have already been discussed in the sec- 


waters were added various 


the endpoint were noted 


tions dealing with interferences and 


buffers 
3 to show the amounts of foreign ma 


The 


A summary is given in Table 


terials which can be tolerated 


rABLE 3 


Perm 


~ NE 
stor A 


as KMn) 


°N nterierenct 


t No interterence 

these lime 
hydrox hloric 
\h- 


quots of 25.0 mil. were then diluted and 


One-gram samples of 
stones were dissolved in 


acid and diluted to exactly 1 | 


analvzed by the routine and alternate 
The results 


The agreement 


procedures given above 
Table 2 
between the ¢ ak ulated values and those 


are shown 


found by the sodium versenate titration 
1s quite satistactory 
These 


in extensive 


were used 
effects of 


synthetic waters 


studies of the 


NHACI 
Indicator B : 


sthle Concentratior of Interfering Tons 


ind Indicat 
Naf 

Indica 


NHAC! 
N 


NHsOH 
NaS 


i Indicator A 


over 20 
over 20 
t 


great utility of cyanide in eliminating 
the 
studied, with the exception of alumi 


interferences of all of the metals 


num, is noteworthy 


Low-Hardness Waters 


In extending the versenate titration 
to waters of very low hardness, little 
is gained by using a sodium versenate 
but the 
the sample may be greatly in- 
In the follow- 


solution of lower strength, 
size of 


creased to advantage 


Buffer 
Materia 
1) 20 over 30 5 
”) 20 20 20 
| 5 over 30 5 
Cu os : 
Mn 
Ni fails fails 
Co fails fails 
SO), t t 
PO, t t 
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ing procedure, a very large sample is 
taken and a preliminary titration is 
made to eliminate the effects of any cal- 
cium and magnesium in the buffer 
solution and to introduce into the solu- 
tion sufficient magnesium to make the 
indicator function. 

Procedure for low-hardness waters 
(less than 5 ppm.). In a 2-1. conical 
flask place about 50 ml. of distilled wa- 
ter and add about 5 mil. of standard 
calcium chloride solution. Add about 
10 ml. of buffer solution and four drops 
of Indicator A. Titrate precisely to 
the endpoint with the standard sodium 


versenate solution. Add 500 ml. of the 
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ration to give fairly satisfactory values 
for calcium and magnesium separately. 
In the following procedure, calcium ts 
precipitated as the oxalate, and the 
magnesium in the filtrate is determined 
by titration with sodium versenate. 
The calcium is then determined by sub- 
tracting the magnesium from the sum 
of calcium plus magnesium as deter 
mined by a second sodium versenate 
titration. 
tained by the procedure on synthetic 
waters prepared by dissolving lime- 
stone as previously described. 
Procedure for magnesium hardness 


Table 4 gives results ob- 


Prepare a buffer-oxalate solution as 


TABLE 4 


Separate Calcium and Ma 


Magnesium 


Sample 


Found 


Present 


Present 


gnesium Determination 


Calcium Total Hardness 


Found Present Found 


ppm. as Cal Or 


969 
537 
333 
667 


low-hardness water and an additional 
1.5 ml. of Indicator A. Refill the buret 
and titrate again to the blue endport. 
Multiply the volume of sodium ver- 
senate used in the second titration by 
two to the total 
parts per million of calcium carbonate. 


Separate Calcium and Magnesium 
Determination 


obtain hardness in 


No good direct volumetric method 
for determining calcium in the pres- 
ence of magnesium or magnesium in 
the presence of calcium is known at 
present. The versenate method can be 
coupled with the calcium oxalate sepa- 


990 
1,080 
1,006 
1,005 


O84 
1,079 
1,007 
1,005 


follows: to 35 g. of ammonium chloride 
and 1.5 g. of ammonium oxalate, 
(NH),C.O,-H.O, add 3.5 ml. of am- 
monium hydroxide and sufficient water 
to make about 250 ml. 
dissolves slowly; a little undissolved 
oxalate may be suspended by shaking 
before use and the suspension em- 
ployed. 

Pipet 100.0 ml. of the water into a 
500-ml. conical flask. Also accurately 
pipet 25.0 ml. of the buffer-oxalate 
solution into the flask. The result will 
be to give the water a pH value of 7.5 
8% and cause the calcium to precipitate 
as the oxalate. Shake well and filter 


The oxalate 


5 
21 20 964 
2 543 541 538 Le 
3 673. 677 330 
4 338 337 668 jis 
3 
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through a double, dry filter paper ot 
fine texture, for example Whatman 
No. 42. Receive the filtrate in a dry 
beaker. Pipet 50.0 ml. of the filtrate 
into a 250-ml. conical flask, add about 
10 ml. of the regular buffer solution 
and proceed as in the usual titration 
for hardness 

Multiply the number of milliliters 
of standard sodium versenate solution 


(not 20. because of the 


used by 25 
dilution of the sample by the butter 
oxalate solution) to obtain the mag 


nesium as an equivalent amount ol 
calcium carbonate in parts per millon 
Subtract this value from the total hard 
ness to obtain the calcium hardness 

If the total hardness is greater than 
800 ppm., it is advisable to use only 
50.0 ml. of the water and then add 
50.0 mil. of distilled water and 25.0 ml 
of the buffer-oxalate solution \ fac 
tor of 50 is then used in calculating the 


magnesium hardness 


Summary 


A rapid and accurate determination 
of the total hardness of water can he 
made by titrating the water with so 
dium versenate (the disodium salt ot 
ethvlenediaminetetraacetic acid ) \t 
a pH of 10, calcium and magnesium 
ionized compounds 


form negligibly 


with sodium versenate. The endpoint 
is found W the addition of a blue dye 
(F241) 


sociated, wine-red compound with mag 


which also forms an undis 


nesium but from which the magnesium 


is extracted bw an excess ot sodium 
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versenate. The titration can be ap 
plied to waters ranging from very low 
to very high hardness. Large con- 
centrations of salts do not interfere and 
temperature has little effect Cop- 
per, iron and certain other bivalent 
metals interfere with the endpoint, but 
their effects can be eliminated by the 
addition of various complexing agents, 
which are conveniently added with the 
indicator. The method has been ade- 
quately tested and 1s suitable for use 
by untrained operators With slight 
modification the method can be applied 
to the analysis of water of very low 
hardness 

The method may be combined with 
the oxalate separation of calcium to 
give a rapid method tor the separate 
and mag 


determination of calcium 


nesium hardness. 
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HE total hardness of water is most 
commonly determined by the soap 
method described in Standard Methods 
(1). The soap method, however, is 
subject to certain interferences which 
produce inaccurate results. In addi- 
tion, unless careful technique is em- 
ployed by the operator, results may be 
considerably in error. Despite these 
disadvantages, the relative simplicity 
of the soap method in comparison with 
others explains its widespread use. 
The method of hardness determina- 
tion described in this paper is more ac- 
curate than the method and is 
considerably more rapid. A sharp color 
change indicates the endpoint, and the 
ions commonly present in water do not 
interfere with the test. Hardness 
values up to 1,200 ppm. can be titrated 
without dilution of the sample and are 
accurate within approximately 2 per 
cent. Higher values can 
also be determined without dilution of 
the sample by using a stronger titrating 
solution. With a larger sample and a 
microburet, hardness in the range of 
0.0-2.0 ppm. can be determined within 
0.1 ppm 
The method is based on the titration 
of a water sample with an organic 
sequestering agent which will form un- 
ionized complexes with calcium and 
magnesium. The titration is per- 


ap 


hardness 


formed in the presence of an indicator 
which is red when there are calcium 
and magnesium ions and blue in their 
A buffer solution is added 


absence. 


Total-Hardness Determination by Direct 
Colorimetric Titration 


By J. D. Betz and C. A. Noll 


A contribution to the Journal by J. D. Betz, Asst. Gen. Mgr., and C. A. 
Noll, Chem. Engr., W. H. & L. D. Betz, Philadel phia. 


prior to the titration to adjust the pH 
value of the sample to about 10.0. 


Theory of Test 

The action of organic sequestering 
agents such as the amino polycarboxy- 
lic acids in forming complexes with 
the alkaline-earth metals has been de- 
scribed (2, 3). Ethylenediaminetetra- 
acetic acid and its sodium salts have 
been found effective in sequestering 
magnesium and, especially, calcium 
ions. In such a complex with calcium, 
the calcium is bonded by two ionic and 
two coordinate linkages, known as a 
chelate ring. When sufficient chelating 
agent, such as ethylenediaminetetraace- 
tate, is added to a solution containing 
calcium ions, the calcium is_ firmly 
bonded in an un-ionized soluble com- 
plex and no calcium ions remain in 
solution. This phenomenon has been 
employed in the determination of the 
alkaline-earth metals by using as a 
color indicator a dye which exhibits 
one color in the presence of alkaline- 
earth metal ions and another color in 
their absence. 

Eriochrome black T, the dye em- 
ployed as an indicator in this work, 
exhibits, at a pH of 8-10, a red color in 
the presence of calcium and magnesium 
ions and a blue color when these ions 
have been sequestered by the ethyl- 
enediaminetetraacetate. The complexes 
formed in the alkaline pH range are 
particularly stable. In the determina- 
tion of total hardness in water, this 
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principle was employed first by Bieder 
mann and Schwarzenbach 
In the method described by Bieder 
mann and Schwarzenbach, a non- 
alcoholic dye indicator solution was 
employed with an ammonium chloride 
ammonium hydroxide buffer It was 
stated that a sharp color change could 
not be obtained with calcium alone, but 
magnesium, if absent, must be deliber 
introduced the solution to 
obtain the endpoint. With the use of 
revised indicator, buffer and titrating 
solutions, the authors have found that 


ately into 


the color change at the endpoint ts im 
In addition, the 
color change in pure calcium solutions 


proved considerably 


has been found to be quite sharp and 


accurate—definitely superior to the end 


point for pure solutions 


with the use of reagents of available 


magnesium 
purity. A disadvantage of the method 


tiedermann and Schwarzen 


that 


used by 


bach 1s very small quantities of 


copper and manganese interfere with 


the test and no endpoint can be ob- 
tained. As little as 0.1 ppm. copper 
an endpoint With Phila 
delphia city water, the amount of cop 


prey ents 


per introduced by even a few feet ot 
travel through copper piping was suf 
ficient to prevent any endpoimt im this 
test. 

Investigation by the authors of vari 
ous thie- organic salts and mercaptans 
failed to remove this interference when 
hoeth copper and iron were simultane 
By alter 


ing the composition of the buffer and 


ously present im solutian 
incorporating sodium sulfide, however, 
The 


simultaneous presence of copper, iron 


this interference was eliminated 


and manganese will not interfere in the 


test with this revised buffer solution. 


Preparation of Reagents 


Hardness buffer solution. Solution 


1—<dissolve 40 g. of cp. sodium tetra- 


& 
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borate (Na,B,O,-10H,O) in approxi- 
mately 800 mil. of distilled water. 
cp. 
dium hydroxide and 5 g. cp. sodium sul- 
fide in 100 ml. distilled water. When 
cool, mix the two solutions and make 
up to 1.0 1. with distilled water. 

The buffer solution should be kept 
stoppered when not in use. 

Hardness titrating solution. Dis- 
solve 4.0 g. of disodium ethylenedia- 
minetetraacetate dihydrate in approxi- 
mately 800 ml. of distilled water Add 
0.86 Ad- 
just against standard calcrum chloride 


10 


Solution 2—dissolve 


of cp. sodium hydroxide. 


solution so that 1 ml. equals 1 mg. as 
CaCO... 

Hardness indicator solution. To 30 
ml. of distilled water, add 1.0 mil. of 
10 sedium carbonate solution 
Add 1.0 g. of Eriochrome black T and 
Make up to 100 ml. with 99 per 
cent isopropanol. 


mix 


Test Procedure 


Measure 50 mil. of the sample and 
transfer to a white porcelain casserole 
\dd 0.5 mi. of 

Add four to 
six drops of indicator solution and stir. 


or evaporating dish 
buffer solution and stir 


If hardness is present, the sample will 
turn red 

Add the titrating 
from the buret with continued stirring 


solution slowly 
The endpoint is reached when the color 
changes from red to blue. 

When approaching the endpoint, the 
sample begins to show some blue color 
ation, but a definite reddish tinge can 
still be observed. The endpoint is the 
final discharge of this reddish tinge. 
The addition of more titrating solution 
will not show any further color change. 

In the above procedure, the titrating 
solution must be added slowly, since 
the endpoint is sharp and rapid. For 
routine hardness determination, it 1s 
suggested that 50 ml. of the sample 
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be measured, but only approximately 
40-45 ml. should be added to the cas- 
serole at the start of the test. Add the 
buffer and indicator as described above 
and rapidly titrate to the endpoint. 
Then add the remaining portion of the 
sample. The hardness present in this 
remainder of the sample will turn the 
the casserole red again. 
until the 


contents of 
Continue to titrate slowly 
final endpoint is reached. 


Results of Test 
The results of the test can be cal 


culated in accordance with the formula: 


rABLE 1 


Hardness Values for Pure Calcium 
and Magnesium Solutions 


Magnesium Hardness 
Present Found 


Hardness 


Found 


SO 
100 
200 
498 


ppm. Hardness as CaCO 
mil. Titrating solution * 1,000 


ml. Sample 


Using 2 
parts per million as CaCQ, ts equal to 
the number of milliliters of titrating 
solution required multiplied by 20. 
Table 1 illustrates the data obtained 
using this direct titration method on 


S0-ml. sample, the hardness 1n 


pure calcium and magnesium solutions 
of varying hardness content. As can 
be observed, with calcium solutions up 
to 500 ppm. hardness, quite accurate 
results obtained and the end- 
point was quite sharp. Similar accu- 


were 
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racy was obtained on pure magnesium 


solutions, except for the 500-ppm. 
value. At high magnesium concen- 
trations, the alkalinity introduced by 
the buffer solution causes precipitation 
of magnesium hydroxide. 

Table 2, which illustrates the effect 
of various ratios of calcium and mag 
nesium, indicates that the relative con 
centrations of these two ions are im- 
material in the test. In general, it has 


rABLE 2 


Effect of Calcium- Magnesium Ratios 


Present in Solution 
Total 
Hardness 


Total Found 


Hardness 


s Cal Or 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


been found that, in the range of 100 
ppm. hardness, the titration can yield 
hardness values within 2 ppm. of the 
gravimetric standard with no unusual 
precautions on the part of the operator. 

Table 3 demonstrates that high hard- 
ness values can be titrated without dilu- 
tion of the sample. Using the standard- 
strength titrating solution (1 ml. equals 
1 mg. CaCO,), approximately 1,200 
ppm. hardness is the highest value that 
should be titrated without dilution of 


pom. 
Presemt 0 100 100 
2 98 100 
6 100 
0 0 0 0 ® Q? 102 
8 8 8 9 20 80 102 
12 12 12 14 40 60 100 
20 22 20 20 SO 50 100 
50 50 30 60 10 100 og 
100 100 100 80 OR } 
200 i 200 196 oD) 10 100 | 
500 500 480 9? 102 
: 94 6 100 
96 4 102 3 
9O8 2 100 
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the sample. Above this figure the end- 
point is not sharp because of the large 
volume of titrating solution (60 ml.) 
which has added. By using 
titrating solutions of higher strength, 
hardness values of 2,000 ppm. can be 
accurately determined without dilu- 
tion of the sample. With the use of the 
soap method, a hardness of approxi- 
140 ppm. is the upper limit 
which can be tolerated without dilu- 
tion, according to Standard Methods. 


been 


mately 


rABLE 3 
Effect of High Hardness Without Dilution 


litrating Solution 1 ml. equals 


Hurdness* 

Present 

10 me 
Calt0h 


Cal 


me 
CalOn 


ppm. as 

200 200 
1,000 990 
1,092 100 
1,200 200 
1,400 400 
1,610 600 
1,800 
2,000 2,000 


200 
1,000 
1,100 
1,200 
1,400 
1,600 
1,800 
2,000 


196 
1,000 
1,092 
1,216 


80 per cent calcium, 20 per cent magnesium 


Ionic Interference 


investigated 
The 


values indicate the maximum concen- 


Interfering ions were 


as shown by the data in Table 4. 


trations of possible interfering ions in- 
It is probable, however, 


vestigated 
that concentrations higher than those 
Table 4 tolerated 
without interference. 

No interference with test results was 
obtained with the use ot polyphosphate 
concentrations of 25 ppm., although 
shghtly low hardness results were 
found at a polyphosphate concentra- 
tion of 50 ppm. The simultaneous 
presence of 2.5 ppm. iron as Fe and 10 
ppm. polyphosphate gave no interfer- 


shown by can be 
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ence. Sodium hydroxide concentra- 
tions in excess of 300 ppm. as NaOH 
created difficulty in the endpoimt. Dh- 
lution of the sample is recommended 
where the sodium hydroxide concen- 
tration exceeds 300 ppm. No inter- 
ference resulted from the presence of 
1.0 ppm. manganese as Mn. Higher 
concentrations of manganese did not 
interfere with the endpoint using the 


rABLE 4 


Freedom From Ionic Interference 


Amount Employed 
Without Interference 


ppm. 


Ion 


Copper (Cu**) 
Iron (Fe***) 

Iron (Fe**) 

Zine (Zn**) 

Lead (Pb**) 

lin (Sn**) 

Tin (Sn***) 
\luminum (Al***) 
Chloride (Cl 
Sulfate 
Sulfite (SO ) 
Chromate (CrO, 
Phosphate (PO, 
Nitrite (NO,.~) 
Nitrate (NO,~) 
Carbonate (CO,;~~) 
Silicate (SiO.~~) 
Free mineral acid (HCI) 
Quebracho tannin 


recommended buffer solution, but ad- 
ded to the indicated hardness as shown 
by Table 5. Of course, such high 
manganese concentrations are unusual. 

The temperature of the sample has 
been determined to have no effect on 
the accuracy of the test in the range 
of 10°-40°C., although the endpoint 
was sluggish at 10°C. 

A definite advantage of this direct 
titration method is that the effect of 
interfering ions can be eliminated by 
dilution of the sample. Usually inter- 
ference is eliminated by taking a 
smaller sample, such as 25 ml., and 


10 
20 
10 
10 
10 
10 
10 
10,000 
10,000 
500 
500 
100 
500 
500 
1,000 
200 
200 
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example, the presence of chromate im 
parts a yellow color to a sample, so 
that the blue color at the endpoint ts 

Found shown as green. The true endpoint 
— in each test is taken as the disappear 
ance of the reddish tinge of the sample, 


rABLE § 


Manganese Interference 


Present 


Hardness* Manganese Hardness 


as CaCO as Mn as Qh 
Endpoint regardless of the final color developed 
ppm in the presence of certain ions. 

_ Table 6 is a comparison between 

100 0.0 100 sharp gravimetric determinations of hard 
100 1.0 100 sharp ness on various waters and the direct 
oe titration method. Soap hardness values 
100 3.0 06 sharp \ 
100 100 112 duce are also included. Most of the investi 


gation of the direct titration method 
was conducted on pure calcium and 


* 80 per cent calcium, 20 per cent magnesium 


TABLE 6 


Gravimetric Check on Various Waters 


Raw Water Boiler Feedwater Boiler Water 


Calcium as CaCO, (gravimetric) 196 2.5 
Magnesium as CaCO, (gravimetric) 54 38 16 7.5 0 6 
Total hardness as CaCO, 
Gravimetric 250 118 45 20 0 6 
Soap 216 100 48 20 0 0 
Titration 254 118 44 20 0 5 
Alkalinity as CaCO, 
Phenolphthalein 8 0 0 0 376 132 
Methyl orange 96 | 68 46 0 448 | 184 
Sulfate as SO, sO 72 36 12 480 500 
Chloride as Cl 95 35 9 4 104 132 
Phosphate as PO, 40 0 
Nitrate as NO, 2.0 25 0.8 1.4 


Iron as Fe 


Color 


pH 


solutions, gravimetrically 
so that this check was 


diluting to 50 ml. with distilled water. magnesium 


lf interfering ions are expected, it 1s 
best to standardize on the use of a 
liluted sample. 

Although the ionic concentrations 
shown in Table 4 did not interfere 
with the test and the correct total hard- 
ness values were shown in their pres- 
ence, the color change of the endpoint 
was not always from red to blue. For 


standardized, 
made on several typical waters. As can 
be observed from Table 6, close agree- 
ment was shown between the gravi- 
metric and direct titration values. 


Low Hardness Values 


In the control of zeolite softeners, 
s frequently desirable to measure 


it 


ppm 
| 
0.2 0. 2 a 
) 0.1 0 1.8 
7 9 3 5 55 | 125 
8.3 8.1 74 7.0 | 11.3 10.3 


}. D 


TABLE 7 


Determination of Low Hardness 


Hardie 


80 pet 


effluent 
when it 


the hardness of the sottener 


quite accurately, particularly 


is used as makeup water for high 


pressure hotlers The soap method 1s 


not sufficiently sensitive to indicate 


small hardness concentrations in the 


effluent mocdifica 


titration 


soltener some 


tion of the 
however, it is possible to determine 


with a high degree ot 


chrect method, 
accuracy the 
hardness content of such waters 

‘Table 7 
over a range of O.0-2.0 ppm. hardness. 


gives the values obtained 


Results are shown tor three operators 
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who were unaware of the hardness con- 
tent of the water samples to be tested 
It will be noted that the deviation from 
the correct value never exceeded 0.1] 
ppm. In the determination of such low 
hardness values, 
(100 ml.) is employed, with 1.0 ml. of 


a larger-size sample 


buffer solution and seven to nine drops 


of indicator solution. For best ob- 
servation of the endpoint, it 1s recom- 
mended that an light 
source be used for illumination of the 
The titrating 


slowly, with 


incandescent 


sample during titration 


solution is added very 


vigorous stirring, from a mucroburet, 
and it is necessary that the operator 


possess proper technique im tts use 


Hardness and Soap Destruction 


that the total 
the direct 


It should be noted 


hardness values secured by 
titration method represent the sum ot 
the calcium and magnesium tons pres 
The total hardness determined 


Ww il] check 


from the 


sent 
by titration with the value 
gravimetric de 
termination of calcium and magnesium, 


with 


calculated 


coincide 
The 


method is really a measurement of the 


but will not necessarily 


the soap hardness value soap 


soap-destroying properties of a water 


and not necessarily a true measure of 


the calcium and magnesium content 


Determination of Calcium and Magnesium 


Frequently it is desirable to separate 
total hardness into the mdividual cal 
Since the 


titration accurately 


cium and magnesium tons 
colorimetric 
total 
content, 


clirect 


measures the and mag 


nesium either ton 1s de 


termined singly, the concentration of 


the remaining ton can be found by sub 


traction from the total hardness value. 


Direct Calcium Titration 


Schwarzenbach, Biedermann and 


Bangerter (4) mentioned the use of a 


saturated solution of ammonium pur 


purate as an indicator for calcium. 


Studies by the authors have revealed 
that water solutions of this dve are not 
stable even for 24 hours because of oxi 
\lteration of 
value to the acid 
to three 
of alcohols, glycols and 


dation of the indicator 
the indicator pH 
range extended stabilitv only 
days The use 
ols as solvents and dispersants failed 
to overcome the instability of the indi 
cator 


Consequently, the dry indicator 


was dispersed in various dry mixtures 


54 
as 
Found 
Present 
Operat ” Operator Operator 
oo on oo oo 
0.3 
O4 O4 0.5 
Os Os 
10 ov 
1.2 1.3 1.2 
14 14 14 14 
1.6 1.6 1.6 1.6 
1.8 1.8 1.8 1.7 
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Sodium chloride found best’ for 


this purpose and the dye-chloride mix- 


Was 


ture was ground to the desired degree 
of fineness for dispensing with a cali 
brated dipper. In this dry form, the 
indicator is stable. 

The direct colorimetric ttration of 
calcium is based on titration of the sam- 
ple with the same sequestering agent 
used in the total-hardness test, in the 
presence of an indicator sensitive to 
calcium ions and insensitive to magne 
sium ions under the conditions. 
The endpoint, which occurs when all 


the calcium ions are sequestered, is a 


test 


color change from salmon-pink to or 
chid-purple. 
Reagents Employed 
The following reagents are used: 
Sodium hydroxide—1.0 N 
Hardness titrating solution—the 
same as for the total-hardness test. 
Calcium indicator—mix well 0.20 g. 


ammonium purpurate with 100 g. of 
Grind the mix- 


solution. 


cp. sodium chloride 
ture to 40-50 mesh. 
Test Procedure 

Measure 50 mil. of the sample and 
transfer to a casserole. Add 2 ml. of 
1.0 N sodium hydroxide to the sample 
and stir. Add 0.20 g. of calcium indi- 
cator and stir (a calibrated dipper is 
sufficiently accurate for this purpose ). 
If calcium is present, the sample will 
turn salmon-pink, 

Add the titrating solution 
from the buret, with continued stirring. 
When approaching the endpoint, the 
sample begins to show a purple tinge. 
The endpoint is a final change to or- 
chid-purple. Once the endpoint is 
reached, additional titrating solution 
will produce any further color 
change. The endpoint should always 
be checked by adding one additional 
drop of titrating solution and observ- 


slow ly 


not 


ing whether any turther color change 


occu®rs, 


Results 
Results may be calculated thus: 


ppm. Calcium as CaCQ, 
ml. Titrating solution * 1,000 


mil. sample 


Using a 50 ml. sample, the calcium in 
parts per million as CaCQ, is equal to 
the number of milliliters of titrating 
solution required multiplied by 20, 
The relative concentrations of cal 
cium and magnesium were investigated 
in a manner similar to that used for the 
data in Table 2 and found not to affect 
the accuracy of the calcium titration. 
Caletum values as high as 1,200 ppm. 
were titrated without dilution of the 
sample. Test accuracy was approxi 
mately 2 per cent of gravimetric over 
the range of 100-1,200 ppm. CaCO 
In the low range of 0-5 ppm. CaCQ,, 
the test accuracy is within 1-2 ppm. 
The following concentrations of tons 
were investigated without interference : 
copper, 2 ppm. ; ferrous iron, 20 ppm. ; 
ferric iron, 20 ppm.; manganese, 10 
ppm.; zinc, 5 ppm.; lead, 5 ppm.; alu 
minum, 5 ppm.; tin, 5 ppm.; sulfate, 
10,000) ppm.; chromate, 500) ppm.; 
silicate, 100 ppm. ; carbonate, 50 ppm. ; 
bicarbonate, 500 ppm.; nitrate, S00 
ppm. ; nitrite, 500 ppm. ; polyphosphate, 
100 ppm.; sulfite, 500 ppm. ; ammonia 
as N, 2,000 ppm.; chlorine, 2 ppm. ; 
bromine, 2 ppm.; free mineral acid 
(H,SO,), 100 ppm.; and Quebracho 
tannin, 50 ppm. Orthophosphate will 
precipitate calcium at the pH of the 


test. Gravimetric checks on various 
waters, similar to those for Table 6, 
have confirmed the accuracy of the 
direct calcium titration, 


Like the direct colorimetric titration 
of total hardness, the direct colorimetric 
calcium titration is more accurate than 


} 
= 
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the soap method and is considerably 
more rapid. The method is subject to 
little interference, and, where present, 
this overcome by 
dilution of the sample. The 
has been tested mm routine calcnum de 


interference can be 


method 


terminations on approximately 1,500 


Because of the accuracy ot 
total-hardness 


samples 
both the 
methods, an accurate magnesium value 


caletum and 


is obtained by subtraction. 


Alternate Method for Magnesium 


Since the direct colorimetric titration 
for total hardness measures the total 
calcium and magnesium content, mag 
nesium can be determined by precip 
tating calcium from the sample with 
and determining 


ammonium oxalate 


the remaining hardness, which is then 
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due to magnesium only. This method 
is not as rapid or convenient as the di 
rect colorimetric titration of calctum 
and is more subject to errors of tech 


nique 
lest Proce dure 

Measure 75 ml. of the sample into a 
Add 1 mi. 
Add 1 ml 
Mix 
and allow to stand for five to ten min- 


Filter through Whatman No. 5 
Discard the first 5-10 ml. 


beaker or similar vessel 
of hardness buffer solution 


of 5 per cent ammonium oxalate. 


utes 

filter paper 

of the filtrate 
Measure 50 ml. of 


the filtrate and 


tranfer to a casserole. Add four to six 
drops of hardness indicator, Proceed 
with the titration as in the direct col- 


orimmetric total-hardness titration. 


Conclusions 


The total-hardness method of Bieder- 


mann and Schwarzenbach has been 
revised to improve the sharpness of the 
endport and to overcome the etfects ot 
munute quantities of copper and man 
yanese in endpoint. 
With the revised buffer, indicator and 
titrating solutions, the effects of inter- 


The 


method is subject to little interference, 


preventing an 


fering ions have been determined 


which, when present, can be overcome 
by dilution of the sample. 

The direct colorimetric titration for 
total hardness is much more rapid than 
the soap method and less subject to 
errors of technique. Hardness values 
up to 1,200 ppm. can be titrated with 
the standard-strength titrating solution 
without dilution of the sample and with 
an accuracy within approximately 2 per 
cent of the gravimetric value 

The method is extremely sensitive 
in the determination of low 
values and an accuracy within 0.1 ppm. 


is possible for 0.0-2.0 ppm hardness. 


hardness 


The method has been tested in rou 
tine hardness determinations on ap 
proximately 18,000 water samples over 
a six-month period, 

\ direct colorimetric titration 
been developed for the determination 
of calcium in the presence of magne 


has 


sium, using the same titrating solution 
as for total hardness. 
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Possibilities of Newer Bacteriological Techniques 
By Harry G. Neumann 


A paper presented on Oct. 27, 
Sacramento, Calif., by Harry G. 
San, Eng. Div., Dept. of Water & 


INCE the application of the coliform 
test to determine the sanitary qual- 
ity of waters on this continent, there 
have been numerous attempts to im- 
prove analytical methods based upon 
the routine use of coliform organisms 
During 
the half century which has passed, a 


as an index of such quality. 


considerable amount of effort was ex 
pended in attempts to standardize re- 
sults so that data from various sources 
The 


has 


would be reasonably comparable. 
development of such methods 
proved invaluable in the interpretation 
of results for most waters. 

It appears, however, that reliance on 
these methods alone has resulted in a 
reduction of interest in the exploration 
of new fields and the fundamental re- 
examination of old fields which 1s so 
necessary for the development of new 
techniques and the improvement of 
tests. Changes in procedure 
have effected research 
been conducted on the general utility 
of new methods by workers in the field 


present 


been and has 


of water purification and sanitation 
Nevertheless, experience indicates that 
it is necessary to investigate recent de 
velopments in other microbiological 
fields, since in the past they have con- 
tributed potential methods and valu 
able data. The importance of recently 
acquired information is indicated in the 
portion of this paper devoted specifi- 
cally to techniques believed 
worthy of consideration in connection 


newer 


Neumann, Research 


1949, at the ( alifor nia Section Meeting, 


Vicrobiologist, 


Power, Los 4 ingeles. 


with methods used to determine the 
safety of water. 

The coliform test has evolved from 
the original plating procedure, with or 
without preliminary enrichment in glu 
broth coli 


form organisms, to the present enrich 


cose and identification of 
ment in the more selective standard lac 
tose media followed by a number of 
confirmatory methods. In the course 
of this development many techniques 
were found wanting. Attitudes were 
created from failures, resulting in re 
version to the lengthy completed test 
which proved impractical for routine 
control work, especially when numer 
ous samples were to be examimed. Re 
cently this shortcoming has been al- 
leviated in part by the more flexible 
the Standard 
recommendations. Since 


procedures ot 
Methods 
present routine and special procedures 
are fully described in Standard Meth 
ods, no attempt will be made to con 


present 


sider them in detail here. 

Despite attempts to improve pro 
cedures, the only reduction of time in 
routine examination has been effected 
through the use of lauryl sulfate tryp 
tose broth with brilliant green bile con- 
firmation. This medium may be used 
only on proved correlation of results 
with standard lactose broth when no 
reduction in coliform density is evi- 


dent. Therefore, lactose broth has not 


as yet been entirely supplanted as an 
enrichment 


medium. Recent studies 
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have shown that lauryl! sulfate tryptose 
broth produced about 16 per cent fewer 
false positives than lactose broth and 
was also superior in the detection ot 
coliform organisms in most compari 
sons made with various waters (1) 
Recommendations that it replace lac 
tose broth are made with the reserva 
tion that further studies should be car 
ried out using waters of high quality 
from other areas. Some media have 
heen suggested to replace lactose broth, 
not necessarily to reduce procedure 
time but to eliminate problems pro 
organisms. In 


duced by interfering 


general, the use of media such as K¢ 
broth and Eijkman broth, emploving 
incubation 44 


might be acceptable if the criterion for 


temperatures near 
polluted water were based upon Esch 
than the group 
Unpublished data from investigations 


col rather colitorm 


Sanitary Engineer 
Angeles Dept. of 


that. while 


conducted by the 
ing Div. of the 
Water and 
some interfering bacteria and most in 


Los 


Power indicate 


termediate coliform organisms are elim 
mated, there 1s repression ot 
Esch. coli with Eijkman broth 


\lthough it has been accepted that 


the present coliform method 1s the hest 
routine procedure vet devised, it vields 
only rough estimates of coliform den 
this 
shortcom 


sity It as bevond the Scope ot 


paper to discuss all of the 


Ings of present techniques, or any ol 


them in detail. but several should be 


noted In addition to mpertections 


mentioned at other pomts im the dis 


cussion are those arising from the 


thon of positive 


sults by noncoliform bacteria and those 


re sumptive re 


of questionable sanitary significance 


and doubtful entern 


Technical Problems 


\ general problem which must he 


origin 


considered im the application of new 
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techniques to methods based upon 1sO- 
lation of an organism or group of or 
ganisms arises in determining the type 
of selective properties required. A 
question of major importance is posed 
by the use of any antibacterial agents 
proposed or previously ce veloped, since 
sanitarians differ in their views on the 
of the coliform group. 
believe it is too inclusive, for an ex- 


limits Some 


cessive incidence of these organisms 
is often found in waters known to be 
of good quality. The opinion has also 
heen expressed that the coliform group 
is not inclusive enough, as slow-lactose- 
heen demon 


Some aber 


fermenters often have 


strated in fecal material 


rant coliform organisms are helieved to 


be associated with gastroenteric dis 


turbances, while other atypical or at- 


tenuated forms occur which are con- 
sidered to represent remote pollution 
no longer of sanitary significance 


The validity of classifying bacteria 
of fecal and nonfecal origin within the 
coliform group also is questionable. 
that 


tests for this type of differentiation are 


There is considerable evidence 
not prac tical 

It will become evident in the discus 
sion of techniques which offer possibilt 
ties for application to the determination 
of sanitary quality that two outstanding 
problems exist The first 1s asioned 
by the repression of coliform organisms 
by antibacterials used in inhibitory 


Most 


new agents resolves itself into a ques- 


media experimentation with 
tion of whether antibacterials can be 
incorporated into a medium in such 
concentration as to prevent the growth 
of undesired organisms while allowing 
full development of the coliform group. 
The second difficulty is that the varia- 
tion in waters offers a formidable im- 
pediment to the realization of an tdeal 
presumptive medium since complexity 
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of inhibition is increased and _ stand- 
ardization is made difficult. 

The problems inherent in differenti- 
ation which are related to sensitivity 
and selectivity make isolation extremely 
difficult to accomplish by any means 
The 


principal factor, of course, is the range 


adaptable to routine practice. 


of organisms which are considered sig- 
nificant in the determination of 
tary quality. Limits are not too sharply 
defined in within the 
enterobacteriaceae, but there is a con- 
tinuum of closely related types which 
differ somewhat in their biochemical 
activities. Although determination of 
the significance of organisms closely 
related to the coliform group awaits 
further research, attempts should be 
made to improve techniques based upon 
the present standard coliform method. 


sani- 


most groups 


One problem arises indirectly in es- 
tablishing the manner in which new 
techniques should be evaluated. The 
soundest method of determining the 
efficacy of agents emploved in certain 
procedures consists in utilizing parallel 
studies under conditions of actual test- 
ing—that is, routine samples contain- 
ing a characteristic mixed microflora 
should be used for comparative studies. 
Although exploratory problems may be 
solved by pure culture studies, too great 
reliance must not be placed on them. 

Consideration of these factors is nec- 
essary in order that agencies concerned 
with water purification and sanitation 
can direct an effective attack on the 
development of better and more eco- 
nomical means of testing water. 


Requirements of Newer Techniques 

Before discussing recently acquired 
knowledge which might lend itself to 
the development of newer bacteriolog 
ical techniques, the general require- 
ments of such methods should be con- 


sidered. 
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It is recognized that the greatest 
need in the field of primary require- 
ments is for a more rapid and generally 
applicable presumptive test. It is at 
this stage that undesired organisms 
can best be eliminated. Lactose broth 
as an initial medium has several in- 
adequacies, as indicated by the occur- 
rence of both false positive and false 
negative results with many waters, 
This interference is largely respon- 
sible for increased operational costs 
and expenditure of effort which could 
be used for effecting better sanitary 
control. At present there is a trend 
toward demanding greater frequency of 
routine examination and_ the 
special methods to accomplish this end 


use of 


In routine practice, the development of 
too great precision in methods that 
show promise of facilitating testing is 
not necessary. Since it is evident that 
present methods produce results which 
may better be described as estimations, 
there should be no objection to new 
techniques which may prove practicable 
without appreciably reducing accuracy. 
Emphasis has been placed upon experi- 
mentation on the initial medium because 
of the opportunities offered for bac- 
terial selection and inhibition there. 
The requirements of the techniques 
themselves should be such that results 
are reasonably uniform with most wa- 
ters, so that the significance of the find- 
ings will not vary too widely. This 
objective is difficult to attain since the 
microflora of waters differ extensively. 
Time, skill, labor and material should 
be minimal so that results may be ob 
tained rapidly and at reasonable cost. 
In order to avoid the effect of specula- 
tion on the character of the results, the 
procedures should require a minimum 
of judgment by the technician. Ac- 
curacy should be such as to distinguish 
between safe and unsafe waters. As 
previously noted, greater precision can 
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be secured by multiple examination of 
by the use of special methods 


Recent Techniques and Devices 


1. Antihiotics. 
of the “wonder drug,” 
pecially in World War II, has given 
impetus to extensive research into one 


The widespread use 
penicillin, es 


of the newest fields of importance in 
microbiology, that concerned with the 
general application of antibiotic agents 
Although these substances are more 
often thought of as exercising a bac- 
teriostatic effect upon pathogens, their 
selective action has also been utilized 
for separating bacteria from one an- 
other. 

There have been numerous reports 
of the effective use of antibiotics in the 
certain from 


isolation of organisms 


mixed cultures. Actinomycin was used 
to separate Gram-negative from Gram 
(2).  Tyrothricin 
the isolation of 
bacteria the 
presence of overgrowth by Gram posi 
(3) 


to those concerned 


bacteria 
to allow 


positive 
was shown 
Gram-negative even in 
tive cocel (ne point of special 
interest the 
possibility of newer techniques in the 


with 


hacteriology of water was found in the 
Al- 
though it was noted that this antibiotic 
marked 
hactericidal properties for some of the 


course of studies with penicillin 


possessed bacteriostatic and 


common pathogenic bacteria, largely 
the Gram-positive cocci, organisms be 
longing to the coliform typhoid-dysen 
tery group were not affec ted (4). In 
general, most (sram positive bacteria 
are more sensitive to the action of the 

are the 
This fact 
suggests the use of these agents to elim 


than 


(a) 


majority of antibiotics 


Gram-negative forms 
inate Gram-positive organisms largely 
responsible for interference in the in- 
itial stages of the coliform test 
Although comparatively little ts vet 
the mode of action o! 


known about 
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these agents, it has been shown that 


some antibiotics, especially penicillin, 
exert a strong selective action in rela 
tively low concentration against many 


types of bacterial cells without acting 


as a general protoplasmic potson. 
Their subtle, 


plishing bacteriostasis by interference 


action 1s more accom- 
with specific individual reactions rather 
than by interruption of « ellular metabo- 
This distinction 
the 
antiseptics is important in indicating 


lism as a whole (6) 
between antibiotics and classical 
the potential usefulness of these agents 
It is apparent that antibiotics could be 
applied to the problem of bacterial sep 
aration with a minimal probability of 
repression of the organisms being 180 
lated. 

Samples employed in_ the routine 
nor 
mally contain mixed microflora. It is 
likely that some of the attendant prob- 
lems such as false negatives resulting 


bacteriological testing of water 


from competition with index organisms 
might be eliminated or materially re 
duced if proper 
found 

Although there have few 
ports of specific attempts to apply ant- 


antibiotics could be 


been Te- 
hiotics to the development of newer 
techniques, some research is currently 


in progress Recently penicillin, tvro- 
thricin 


sidered as substances which might be 


and streptomycin were con- 
of value in the elimination of false nega- 
tive reactions when incorporated imto 
the lactose broth presumptive medium. 
The use of antibiotics suggests a new 
approach in the search for a more de- 
sirable initial medium, for both penicil- 
lin and tyrothricin have already proved 
valuable as inhibitory agents in selec 
tive media 

Results of such studies conducted at 
the University of Southern California, 
using samples from the Los Angeles 
distribution system, indicated, however, 
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that the media used offered no advan- 
tage over the standard lactose broth as 
a presumptive medium. The three 
antibiotics noted above were incorpo- 
rated into standard lactose broth in 
several concentrations. It was con- 
cluded that modifications in the formu 
lation of the antibiotic media emploved 
must be made for them to be of prac- 
tical value in water analysis.* 

Retaining the principle of using an 
antibiotic as a selective agent, the most 
obvious change was in the concentration 
of the agent. It was concluded that 
streptomycin would be of no value in 
the problem at hand, since determina 
tions of antibiotic sensitivity indicated 
that coliform and noncoliform organ 
isms had approximately the same sen 
sitivity to this substance (7). 

Although there is considerable evi- 
dence suggesting that antibiotics might 
prove useful in bacterial analysis, the 
situation is not without complicating 
factors. For example, although most 
common antagonisms are between or- 
ganisms of different species, one strain 
of a species may frequently exert an 
tagonistic effects toward another stram 
of the same species. Also, antibiotics 
vary in specificity of action (8). 

2. Sulfonamides. Several investi- 
gations in recent years on the bacterio- 
static effects of sulfanilamide, pyri- 
dine and thiazol derivatives have used 
bacteria within the coliform-typhoid- 
dysentery group as test organisms. 
Findings indicated that sulfanilamide 
could be used in media employed in 
water analysis, since concentrations of 
approximately 100 ppm. had little ef- 
fect upon the growth of Esch. coli. 

One application of the above finding 
was made in Honolulu. A high inci 
dence of false positive reactions ob- 


* Readers with a direct interest in this 
subject should refer to the article by Ritten- 
berg and Silliker (7). 
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tained during the routine bacteriological 
analysis of water samples from newly 
installed or newly repaired mains sug- 
gested investigations to determine the 
causative organisms and to devise a 
medium to reduce false positive reac- 
tions. In this particular supply, it was 
demonstrated that the organisms largely 
responsible for confusing results were 
Bacillus polymyxa, Bacillus macerans 
and several other forms usually found 
under similar conditions. 
experimentation, in which standard lac- 
tose broth with 0.01 per cent of sul- 
fanilamide added was used as an ini 
tial medium, were favorable. Coliform 
organisms developed even when present 
in small numbers without evidence of 
repression likely to produce false nega 
tives. Moreover, lactose-fermenting, 
spore-forming bacilli were. inhibited 
when present in large numbers. There 
was evidence, however, that some of 
the intermediate strains of coliforms 
were more sensitive to the presence of 
the sulfanilamide. This factor must be 
given consideration in the development 
of any new technique, since the present 
standards are based upon the isolation 
of certain organisms within an arbitrary 
coliform group rather than of Esch. coli 
Although about 80 per cent 
of false positives was eliminated by the 
use of this presumptive medium, those 
produced by Proteus and Pseudomonas 
with other microflora 
components were not inhibited (9). 


Results of 


alone. 


in association 


Investigations recently made at the 
laboratories of the Los Angeles Dept. 
of Water and Power using lactose- 
sulfanilamide media have also produced 
some favorable findings. In one series, 
using multiple sample points, there 
was an average reduction of false posi- 
tives of over 50 per cent. Results of 
limited examinations which have been 
conducted to date have yielded no evi- 
dence of appreciable repression of coli- 


t 
fe 
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Cultural examination 
that the 
sporulating organisms present were re 


form organisms 
and differential tests imdicated 


sponsible for the greater number of 
false positive presumptive tests. It was 
interesting to note the possible extst- 
ence of false negatives in standard lac 
tose tubes, since completed recoveries 
were sometimes higher when the 
tial the 
There was some evidence that presump- 


medium contained antibiotic, 
tive tubes with low gas volumes were 


produced by synergistic mechanisms 
Results to date have been promising, 
but the number of samples upon which 
insufficient to 
\dditional 
that 


further 


data are available 1s 


merit any final conclusions 
this 


studies are being made so 


antibiotic may be examined 
through 


with standard lactose broth under con- 


comparative investigations 


trolled conditions 

3. Techniques based on nutritive re- 
rather ap 
which offers possibilities of 


quirements (one broad 


proach 


newer bacteriological techniques uti- 


lizes variations m= nutritive require 


ments among organisms or groups ol 
organisms as a basis tor their separa- 
tion. It 
Gram-positive organisms produce the 


is generally recognized that 
greater part of spurious presumptive 
results in the coliform test. It is also 
known that these organisms are more 
exacting in their nutritive requirements 
than the coliform organisms (10). It 
follows logically that if a medium could 
be devised in which nutritive elements 
necessary for the multiplieation of in- 
terfering forms were absent, the effect 
of their competition on colittorm organ 
isms would be reduced to a 


Moreover, the 


elimination of the nec 
antibacterials would be de 
the 


induced by most of these agents would 


essity tor 


sirable since lactor ot repression 


be absent The hkelihood of providing 


optimum conditions for the growth of 
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coliform organisms becomes more evi 
dent when it is considered that nutri- 
tive or accessory growth factors tending 
to favor the development of coliform 
organisms could be added to the me- 
dium. The exploratory phases of re- 
search employing the principles noted 
are now in progress at the University 
of Southern California. 

It is apparent that, in addition to the 
provision or elimination of accessory 
growth factors media, 
changes in the ordinary nutritive com- 


in various 


ponents could be studied with benefit 
for any of the numerous media in use 
or proposed for the presumptive or 
other tests. Reference here is to modi 
fications in the sugar or peptone con- 
centration, selectivity of nitrogen source 
and the use of a buffer in the formula. 


Although 


one can only speculate, at present, about 


4. Biochemical techniques 


biochemical tests for the detection of 
organisms used in estimations of coli- 
form density, it is believed that they 
should be included in any general dis- 
cussion of possibilities which exist. 
Most 
tests in the water purification field is 
associated with classification within the 


experience with biochemical 


coliform group utilized in special pro- 
cedures. An example of such tests are 
the /MViC reactions of Parr, especially 
those concerned with the production of 
acetylmethylearbinol and indole. Tests 
of this type, modified for more rapid 
production and subsequent detection of 
the substance developed, suggest the 
basis for an easily read confirmatory 
test. The likelihood of such a develop- 
ment would depend, of course, upon 
whether new research pertaining to the 
phy siology of the coliiorm group re- 
veals some metabolic product or reac- 
tion peculiar to the bacteria being used 
to determine sanitary Un 
questionably, some useful suggestion 


quality. 


for the improvement of these methods 
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will be forthcoming from the volume of 
current bacteriological research. 

If the use of antibiotics or other agents 
suggested by investigations in bacterial 
selection and inhibition improve the 
initial medium, it is likely that a bio- 
chemical test could be read on the sec- 
ond day. The formation of products 
of metabolism might be accelerated by 
changes in the medium so that specific 
substances would be subject to detec- 
tion by microanalytical techniques af- 
ter less than eight hours’ incubation. 

There are several factors that favor 
the utilization of biochemical tests for 
the detection of coliform organisms. 
These are so widely used in research 
that considerable data concerning their 
physiological reactions are available. 
In addition, under certain conditions, 
products of metabolism are formed in 
amounts sufficient 
relatively short period, since coliform 
organisms have a generation time of 
less than twenty minutes. 

It cannot be too strongly emphasized 
that the realization of this type of sim 
plified procedure depends upon the 
previously noted factor of how selec- 
tive and initial medium 
might be developed. The complexity 
introduced into such methods by the 


for detection in a 


sensitive an 


broad range of coliform organisms cur- 
rently used as an index, as contrasted 
with the use of Esch. coli, is evident 
here, as in the possibilities previously 
discussed. 

5. Electron microscope. The elec 
tron microscope has in a relatively few 
years given indications of extensive 
usefulness in such diverse fields as bi- 
ology and metallurgy. It was antici- 
pated that attempts would be made 
to apply this instrument to the solu- 
tion of the myriad problems in the field 
of water microbiology. General know]. 
edge concerning the refinement of the 
electron microscope at present and cer- 


BACTERIOLOGICAL TECHNIQUES 63 


tain inherent limitations made it evi 
dent, however, that, though useful as 
a research tool, its application to rou- 
tine procedures would be quite un- 
likely. In consequence, only rarely 
have attempts been made to attain rou- 
tine use of the device, especially in the 
held of water purification and sanita- 
tion. 

The electron microscope has proved 
of great value in obtaining new know!l- 
edge as well as in substantiating previ 
ous findings which were inconclusive 
the limit of resolution of 
optical systems. Such results, how- 
ever, have been secured at the expense 


hecause of 


of intensive research procedures. 

The examination of biological ma- 
terial with this instrument is limited. 
Disappointment was expressed even in 
the early phases of study over the fact 
that so little could be discerned of the 
fine inner structures in the protoplasm 
of bacterial cells. Visualization is fur 
ther affected by the production of arti 
facts during preparative procedures in 
which cells are subjected to dehydration 
and later to electron bombardment 
while in an evacuated column. 

It is obvious at the outset that these 
shortcomings form a barrier against 
the use of this instrument for routine 
identification procedures. Moreover, 
the generally known characteristics of 
the group make differentia- 
tion on the basis of morphology alone 
virtually impossible at the present stage 
of knowledge. Although it is certain 
that chromatinic structures are present 
in some bacteria, their use for identi 
The 


fact that present standards are based 


coliform 


fication purposes is improbable. 


upon confirmed or completed isolation 


of cohtorm organisms rather than 
Esch. coli further complicates this 
matter. 

Experimental attempts, are being 


made at the Chicago South Dist. Fil 


| 
| 
be 
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tration Plant to facilitate and shorten 
testing procedures through the use of 
the electron microscope (see p. 66). 
Results have not been too encouraging 
since, as would be expected, enrn h 
ment of the sample in a manner similar 
to that required by the presumptive 
In the 
author’s opinion, the introduction of 


test is a necessary preliminary 


this time factor, in addition to lengthy 
preparative procedures, has not sig 
nificantly decreased the period required 
to obtain useful information. Thus, 
little improvement over present meth 
ods of testing could be realized 
One reason given for lack of encour 
agement has been the expense of keep 
ing the equipment in operation. It ts 
readily understandable that the volume 
of work necessary in routine practice 
would make operation and maintenance 
much more costly than in research 
applications 

Experience with the electron micro 
scope at the laboratories of the Los 
\ngeles Dept. of Water and Power 
indicates that, in addition to personnel 
for interpreting micrographs concerne | 
with their respective fields, it is nec 
essary to employ a full-time technician 
to prepare material and operate and 
maintain this equipment Such per 
sonnel should have a fairly broad sci 
entific background and some training in 
prac tical electronics roblems arise 
over the interpretation of micrographs 
hecause of the basic differences be 
tween an image produced by  vistble 
light and one produced by electrons 
For this reason, it is desirable for staff 
chemists and bacteriologists who ulti 
mately study micrographs to take 
courses in electron microscopy which 
will aid in their interpretation of find 
ings 

It cannot be too strongly emphasized 
that the electron microscope at the 


present stage of refinement is definitely 
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not a routine instrument. Its value im 
research, however, is unquestioned. 


Summary 


1. Several of the newer bacterio 
logical techniques do present possibili- 
ties which might be utilized for the 
development of improved coliform tests 
It appears that these innovations should 
be applied largely to the presumptive 
test. in which the elimination of unde 
sired forms would best serve to facili- 
tate and reduce procedures concerned 
with isolation. 

2. In order to effect better sanitary 
control through increased testing fre- 
quency, the time required for routine 
examination should be reduced. In- 
vestigations utilizing agents and devices 
to accomplish this end require an ex 
tensive reexamination of procedures 
used to determine the sanitary quality 
of water. Moreover, the complexity 
of problems attendant to isolation nec 
essitates concentration of research on 
the application of techniques to the coli- 
form test when mixed cultures are em 
ploved. 

3. Antibiotics and sulfonamides make 
possible the improvement of the coli- 
form method since their selective action 
is effective in differentiating bacteria 
The outstanding quality of these agents 
is that their mode of action depends 
upon interference with certain indi 
vidual reactions rather than the inter- 
ruption of metabolism as a whole, such 
as characterizes classical antibacterials. 
\t present research conducted with 
these substances in this field is too lim- 
ited to determine whether undesirable 
forms could be eliminated without re 
Results 
with other bacteria appear favorable, 
however. 

4. Newer techniques in allied fields 
suggest the application of methods 


pressing coliform organisms. 


hased on differences in nutritive re 
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quirements, as it is known that, for 
bacteria associated with spurious re- 
sults, these requirements differ mark- 
edly from those of coliform organisms. 
In addition, the use of materials to in- 
hibit Gram-negative noncoliform or- 
ganisms and various combinations of 
antibiotics and alterations are sug- 
gested. Some might be studied with 
equal benefit in numerous media al- 
ready in use or proposed. 

5. Biochemical and other related 
tests are employed primarily in special- 
ized differential coliform investiga- 
tions used to determine the types pres- 
ent. Their application to the improve- 
ment of routine coliform methods which 
precede estimation of density can be 
considered chiefly as speculation at 
present. 

6. Improvement in methods based 
upon morphological considerations is 
not indicated from available data. Sig- 
nificant reduction in testing time by 
such methods is unlikely, since enrich- 
ment and other phases of cultural prac- 
tice are necessary. In addition, the ex- 
tensive preparative procedures neces- 
sary for visualization with the electron 
microscope are time-consuming and 
not adapted to routine practice. 

7. Past experience and recent data 
substantiate the fact that differences 
in waters present a formidable im- 
pediment to the development of ideal 
procedures based upon any technique 
of coliform density determination. 
Each water or related type may demand 
a unique medium. Some workers have 
suggested that the problem may re- 
quire an entirely new approach. 
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Use of Electron Microscope in Water 
Treatment Control 


By John R. Baylis 


A paper presented on Oct. 12, 1949, at the Wisconsin Section Meeting, 


Milwaukee, Wis., 
Dist. Filtration Plant, Chicago. 


HE electron microscope is an in- 

strument that magnifies objects 
considerably more than the conven 
tional light microscope. With the aid 
of photographs, the larger electron 
microscopes may show objects enlarged 
50,000--100,000 times, while the range 
of the smaller instruments is 30,000 
50,000. Many of the bacteria when 
magnified 20,000-30,000 diameters will 
measure 0.40.8 in. in diameter and | 
3 in. in length on the photograph 
This is large enough for the outside 
shape of the bacteria to be distinguished 
very well. Identification by morphol 
ogy therefore becomes a possibility, al 
though the internal parts of such ob 
jects are not shown so well by the 
electron microscope. At the Chicago 
South Dist. Filtration Plant, a light 
microscope with magnification close to 
100 diameters is used for plankton 
work and the species are identified al- 
most exclusively by shape and internal 
characteristics. 

The microscope shown in Fig. 1, 
which was installed at the plant in the 
latter part of 1947 (1), is the console 
type manufactured by the Radio Corp. 
of America. It has electronic magni- 
fication of 500 x, 1,500 * and 5,000 x. 
The additional magnification shown 
on photomicrographs has to be obtained 
by photographic enlargements. The 
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manufacturer claims the electron mi- 
croscope is 20 times more powerful 
than the finest light microscope. 

Electron “light” has a much smaller 
wavelength than ordinary light; there- 
fore, smaller particles can be photo- 
graphed. Thirty Angstrom units 
(0.003 or O0.00000012 in.) is about 
the limit of particle size that may be 
photographed with the larger electron 
microscope, and 100 A (0.010 ») with 
the smaller instruments. 

Instruments based on electron emis- 
sion must have means of getting the 
electrons out of the cathode and making 
them travel along desired paths. Ex- 
amples of present-day use of electronic 
emission other than the microscope are 
radio and television camera tubes and 
photocells. Heating a metal filament 
such as tungsten to high temperature 
is acommon method of producing elec- 
tronic emission. 


Description of Microscope 


The electrons from the filament are 
focused on the specimen by the mag- 
netic condenser. Some of the electrons 
are absorbed by the specimen and 
others are scattered at various angles. 
Some of the scattered ones lose speed. 
Only electrons that pass through or 
close to the specimen without loss of 
speed reach the photographic plate, a 


gas 
{ 
| 


January 1950 


diaphragm being used to remove many 
of the scattered electrons. 

The electron source, called the “elec- 
tron gun,” is composed of a tungsten 
filament, easily removable for replace- 
ment. The potential of the accelerating 
supply is 30,000 v. The other com- 


ponents of the microscope include the 
anode and aperture assembly, the speci- 
men holder, magnetic lens system, pole 


Fic. 1. 


piece, viewing chamber and camera 
mechanism. 

As the electron gun is in close prox- 
imity to the specimen stage, there must 
be a means of reducing the heat pro- 
duced by electron bombardment and 
infrared radiation. The anode, which 
is made of heavy copper and is in con- 
tact with the specimen chamber, re- 
moves much of the heat. 

The magnetic lens system is between 
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the viewing and specimen chambers. 
One electromagnet provides the mag- 
netomotive force for the iron of the 
pole piece system, which is arranged to 
include two gaps in series in the mag- 
netic circuit. 

Although the microscope gives a 
maximum magnification of 5,000 x, 
the laboratory workers prefer to use a 
magnification of 1,500 for most 


Console Model Electron Microscope 


work. This magnification is obtained 
by disconnecting the high-gain insert 
assembly and leaving off the piece 
holding the inner aperture. With a 
10: 1 or 15: 1 photograph enlargement, 
the object is magnified 15,000-21,000 
diameters. A particle of 100-A diam- 
eter must be magnified about 1,500 
times, and the photographic image en- 
larged 7 times (10,500 diameters), to 
be seen with the eye. 


4 
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2. Raw-Water Photomicrograph (5,000 x) 


Fic. 3. Escherichia coli (15,000 X) 
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The viewing chamber is provided 
with a leaded glass viewing window 
which has a fluorescent inner surface. 
This special conducting glass, 4 in. in 
diameter, allows charges which may 
accumulate as a result of the electron 
bombardment to be dissipated from the 
fluorescent surface. and thereby pre- 
vents image distortion. The lead in the 
glass shields the operator from any 
random X-rays. The viewing chamber 
houses the camera mechanism. 

The specimen screens are discs of 
200-mesh wire screen 4 in. in diameter. 
For bacteriological and most other 
work the screen is coated with a col- 
lodion film. 

The electron beam requires an evac- 
uated column. A high vacuum (0.0001 
mm. Hg or better) is obtained by the 
use of a fore pump in series with an 
oil diffusion pump. The fore pump is 
operated by a $-hp. motor. The two- 
stage, air-cooled diffusion pump is 


heated by a 135-w. heater. 
In starting, fifteen to twenty minutes 
is required to warm up the pumps to 


produce the desired vacuum. After- 
wards, air let into the column for speci- 
men or camera changes is exhausted 
in three to five minutes. The pres- 
sure reduction which can be obtained 
is influenced by the leak rate of the gas- 
kets. The air which must be let into 
the column when inserting a specimen 
or changing the camera plate is passed 
through an air filter and dried. 

The image of the specimen appears 
on the fluorescent surface of the view- 
ing window which is struck by electrons 
that have penetrated or pass close to 
the specimen. Ideally, therefore, the 
specimen should be less than 1, in 
thickness, because otherwise it gener- 
ally cannot be penetrated. Specimens 
that are self-supporting are the best, 
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as the electrons then have to pass 
through no material other than the 
specimen. Bacteria and many other 
objects have to be supported, however. 

The formation of a suitable support- 
ing membrane is not easy, for it must 
be strong enough to support its own 
weight and that of the specimen, and 
yet can .\be only a few molecules in 
thickness. The image produced by the 
membrane must be structureless and 
not much different from the image pro- 
duced hy empty space. Collodion is 
used most extensively although form 
var has also proved satisfactory. 

If the inside structure of bacteria 
could be brought out by the electron 
micrograph, as are the insides of most 
plankton cells when observed with a 
light microscope, this would serve as a 
better means of identification. The 
micrograph reveals many details ot 
plankton and bacteria not shown by the 
light microscope, yet other details es- 
sential for identification often are not 
visible. The number of species of bac- 
teria likely to be present in water may 
be large, greatly lessening the accuracy 
of any identification by shape alone. 

The shape of plankton varies widely 
and there is also color variation in 
many species. Identification by shape 
and color makes possible the differ- 
entiation of hundreds of species. The 
various species of bacteria, however, 
may not show so wide a variation in 
size and shape. Color, which is often 
a valuable aid to identification with 
the light microscope, is not revealed 
by the electron microscope. 


Use of Electron Microscope 


At present the South Dist. Filtra- 
tion Plant is using the electron micro- 
scope almost exclusively for bacterio- 
logical work. An attempt is being made 
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Fic. 4. Aerobacter aerogenes (18,000 


Fic. 5. Pseudomonas aeruginosa (20,000 X) 


¥ 
¥ 
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to determine if it is possible to obtain 
identification of coliform bacteria in wa- 
ter within shorter periods than are re- 
quired by Standard Methods. The wa- 
ter samples are inoculated in lactose 


broth in accordance with the usual 


Standard Methods procedure, and those 
showing presumptive evidence of coli- 
form bacteria are selected for examina- 
tion under the electron microscope. 
Transfers from the positive presump- 
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drying, the specimen is dipped into a 
1:1 mixture of carbon tetrachloride 
and chloroform for about twenty sec- 
onds and dried once more. The speci- 
men is then submerged in pure carbon 
tetrachloride for about 14 minutes, 
washed with water, dried and put back 
in the tetrachloride for five 
minutes or more. The specimen may 
remain in the solution for several hours 
without injury to itself or to the film. 


carbon 


Fic. 6. Bacillus subtilis (7,500 X) 


tive tubes are first made to the brilliant 
green bile and sometimes to other cul- 
ture media. The tubes are then turned 
over to the electron microscope room. 

A portion of a sample is placed on 
one or more screens covered with a 
collodion film and allowed to dry. 
Next the specimen-coated screens are 
washed by dipping them for about ten 
seconds into a solution of alcohol con- 
taining 10 per cent chloroform. After 


This procedure washes the specimen 
arid also seems to toughen the collodion 
film on the wire screen. When dried, 
the specimens are ready for examina- 
tion with the microscope. 

The observer examines the bacteria 
that are projected on the viewing 
screen. The field can be moved so as 
to examine more of the specimen if 
desired. The bacteria are compared 
with micrographs of known coliform 
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organisms or are identified irom pre- 
vious knowledge of the shape and char- 
acteristics of such bacteria. If organ- 
isms are found that resemble coliform 
bacteria, the specimen is recorded as 
positive. If none of the bacteria pres- 
ent coliform bacteria, the 
specimen is recorded as negative. 

A summary of 2,000 positive pre- 
sumptive tubes (lactose broth, 24 and 


resembles 


Fic. 7. Portion of Fragilaria Cells 


(10,000 x ) 


48 hours) from various sources—raw, 
chlorinated and filtered water—which 
were tested with the electron micro- 
scope is given in Table 1. It will be 
noted that correct identification was ob- 
tained with the microscope in 1,838 
tubes, or 91.9 per cent of the total. 
For the 1,065 tubes from raw-water 
samples, 87.1 per cent of the tests were 
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in agreement with Standard Methods, 
while for the 935 treated-water tubes, 
97.4 per cent were in agreement. 


Time Required for Test 


An effort has been made to deter- 
mine the shortest time in which bac- 
terial identification may be made in a 
sample of water with the electron 
microscope. It is, of course, necessary 


Portion of Rhizosolenia Cell 
(15,000 x ) 


to await the growth of a large number 
of bacteria in the culture medium be- 
fore attempting to transfer a specimen 
to the microscope. In some samples, 
growths of sufficient concentration for 
testing have been obtained in ten to 
twelve hours. Gas usually does not 
start developing in lactose broth be- 
fore fifteen or twenty hours’ incuba- 
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tion. All samples, or at least those 
showing any cloudiness of the medium, 
would have to be tested if the full in- 
cubation period for the presumptive 
test were not used, thus increasing con- 
siderably the number of tubes to be 
examined. 

For detection to be made without 
culturing the organisms, bacteria would 
have to be present in the samples in 
enormous numbers, a condition which 
is to be expected only in highly pol- 
luted water. Figure 2 is a photo- 
micrograph of a water sample from one 
of the pumping stations which showed 


TABLE 1 


Comparison of Electron Microscope and 
Standard Methods in Coliform 
Organism Determinations 


Tubes | Test Result< 
klectron Standard 
No per cen Microscope Uethods 
458 22.9 + + 
1,380 69.0 
118 5.9 + = 
44 2.2 


a high coliform bacteria count. This 
is one of the very few samples in which 
the bacteria were sufficiently concen- 
trated for testing without growth in 
culture media. 

After the bacteria 
sufficient 


reached a 
the 


have 


concentration for selec- 


tion of a specimen, the time required to - 


mount the specimen on the wire screen, 
prepare it for the microscope and make 
an observation is about two hours. Ii 
a photomicrograph is made, the time 
is about three hours. Because of the 
ten- to twelve-hour incubation period 
and the two- to three-hour testing pe- 
riod, the shortest time in which coli- 
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iorm bacteria may be detected is twelve 
to fifteen hours. Not much is lost in 
awaiting the regular Standard Methods 
presumptive test of 24 hours before 
using the electron microscope. 


Photomicrographs 


Photomicrographs — of 
coli, Aerobacter aerogenes and Pseu- 


Escherichia 


domonas aeruginosa are shown in Fig. 
3-5, respectively. There was con- 
siderable penetration of the electrons 


Aluminum Hydroxide Coagulation 


(10,000 x ) 
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in the specimen in Fig. 5, and the in- 
side structure of the organism is re- 
vealed more clearly than is usual for 
the other bacteria. In fact, the field 
includes organisms in various stages of 
division—a most interesting picture. 
Good penetration also was obtained in 
Fig. 6 on a specimen of Bacillus sub- 
tilis. 

Some use of the microscope has been 
made to study algae and other such 
microscopic organisms. The micro- 
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scope could not be used for plankton 
counting although it might be employed 
to study the characteristics of some of 
the organisms, particularly those that 
retain their shape after drying. Fig- 
ures 7 and & are photomicrographs of 
diatoms that oceur abundantly in Lake 
Michigan water at certain seasons of 
the year. The filter plant biologists 
had not been aware of the sawtooth 
structure of Fragilaria and had often 
wondered how these organisms were 
held together in long ratts of cells. 
The electron revealed a 
zipper-like binding near the 
portion of the cell. The microscope 
also showed the symmetrical and open, 
lacelike structure of Rhizsosolenia. 
Revelation of such facts may consti 
tute the only value of the microscope 
in plankton work. It will not be of 
much use in studying organisms that 


microse ype 
middle 


change their shape considerably on 
drying. 


Coagulation Studies 


So far not much work has been done 
in the South Dist. Filtration Plant 
laboratory on coagulation. It is hoped 
that the microscope will give some aid 
in obtaining better knowledge of the 
characteristics of the precipitates pro 
The tact 
that the precipitate has to be dried be 


duced in water treatment 


fore being observed with the microscope 


may cause Its structure to change con 
siderably Photomicrographs of co 
aguiation (Fig. 9) give some evidence 


of fibrous or brushlike formation. Dry- 
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ing the precipitate may have had much 
to do with the shapes shown. 

It is known that gelatinous precipi- 
tates are extremely porous. Jelly-lke 
substances, such as the agar plates used 
in bacteriological work, contain only a 
very smnall percentage of agar lf only 
1.5 per cent agar is used, the jelly ts 
98.5 per cent water. The jelly, how- 
ever, is held together in some manner 
by solid fibers or membranes that do 
not flow like water, and it can only be 
assumed that it is built up of a mesh- 
work of entangled fibers. 

It is planned to use the electron 
microscope in further studies of coagu- 
lation even though the work so far 
done along these lines 1s not very en- 


couraging. 


Maintenance 


The electron microscope 
stalled in November 1947 and has re- 
ceived considerable use, although noth- 


Was in 


ing near constant eight-hour daily op- 
eration. Operating troubles, both me- 
chanical and electrical, have been 
greater than expected and have caused 
the machine to be out of service on 
several occasions for a week or more. 
In the routine operation of a water 
treatment plant, instruments of greater 
It is hoped 
keep 


order 


reliability are required 
that the trouble experienced in 
ing the instrument in working 
will be much less in the future. 
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High-Capacity Cation Exchangers 
By F. K. Lindsay 


A paper presented on Now. 15, 1949, at the Florida Section Meeting, 


Orlando, Fla., 
Aluminate Corp., Chicago. 


NORGANIC  base-exchange mate- 

rials have been used in softening 
water for more than 40 years. The 
products commonly referred to as zeo- 
lites, which have been most widely used 
for this purpose, constitute only one 
division of a rapidly growing group of 
ion exchangers. The ion exchangers 
are divided 
the cation and anion exchangers 
which are further subdivided into in- 
organic and organic materials: 


into two broad classes 


1. Cation exchangers 
a. Inorganic 
(1) Natural (greensand ) 
(2) Synthetic (gel zeolites) 
Organic 
(1) Natural (lignites ) 
(2) Sulfonated 
naceous zeolites ) 


coal (carbo- 


(3) Synthetic resins 
(a) Phenolic 

(b) Nonphenolic 
Anion exchangers 

a. Inorganic—tmetallic oxides 


bh. Organic—synthetic resins 


Generally speaking, all of the cation 
exchangers can be regenerated with 
common salt and used for removing 
calcium and magnesium from solutions. 
The organic cation exchangers, such as 
the carbonaceous zeolites and the syn- 
thetic resins, can also be regenerated 
with dilute acid solutions and, in the 
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resulting hydrogen condition, they will 
remove all metallic (sodium, 
potassium, calcium, magnesium, iron, 
copper and manganese) from solution. 
The anion regenerated 
with either sodium carbonate, caustic 


cations 


exchangers, 


soda or ammonia, are used to remove 
the acid ions, such as the sulfates, chlo- 
rides and nitrates, from solution, Al 
though, as indicated by the classifica 
tion table, both inorganic and organic 
anion exchangers have been made, only 
the organic (synthetic resin) anion ex- 
changers are used widely at the pres- 
ent time, since the inorganic materials 
do not have the proper characteristics 
for deionization application. The com 
plete deionization process, which con 
sists of passing water through a cation 
exchanger regenerated with dilute acid 
and then through an anion exchanger, 
produces a finished water comparable 
In fact, 
recent work employing a mixture of a 


to distilled water in quality. 


strongly acidic cation exchanger and a 
highly basic, quaternary amine type ot 
anion exchanger in a single bed has 
produced water with an electrical re 
sistance of between 10 and 20 million 


ohms per centimeter. 

The organic materials of this 10n ex- 
changer class, of comparatively recent 
development, are applicable to the 
handling of many problems for which 
the older, better known zeolites could 
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impurities 


Electre ily tix 
in aqueous solutions of nonelectrolytes 
can be removed by the complete de 


not be used. 


ionization For example, in 
the sugar beet industry, the inorganic 
ash may be eliminated from the sugar 
juice by passing it through a cation- 


process, 


anion plant, thereby materially increas 
ing the yield of crystallizable sugar and 
reducing evaporator scale and operat- 
The removal and re 
metallic 


ing difficulties 

covery of small amounts of 
ions such as copper, nickel and alumi 
num can be accomplished by employing 
an organic exchanger. The 
metal can then be recovered in more 


cation 


concentrated reconditioning 


the exchanger with a regenerant of the 


form by 


desired concentration. 


Zeolites 
“Zeolites” are 
exchange capacity ratings (grains per 
cubic foot as CaCQO,): greensand, 
2, 800--3,000 high-capacity greensand, 
4,800-5,000; and synthetic gel type 
zeolite, 10,000-12,500. Since 1947 in- 


creased capacities have been obtained 


usually given these 


in the synthetic gel type zeolites by im 


proved processing techniques which 
have resulted in closer control of par- 
Formerly prod 
either very 


cent of the 


ticle size or grading 

this type were 
(with 80-90 per 
product coarser than 20 mesh) or un 


ucts of 
coarse 
usually fine (largely 30-60 mesh in 
grading). Present products, mostly 
ot 16-40 mesh in grading, are available 
with capacity ratings of 12,000-16,000 
gr. (grains) per cubic foot, depending 
upon the quantity of salt used for re 
generation 

In the organic class, the carbonaceous 
zeolites (sulfonated-coal products), 
which are the oldest and perhaps best 


known, were introduced in the 1930's. 
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These materials are rated at capacities 
of 5,000-7,000 gr. per cubic foot. The 
synthetic-resin cation exchangers date 
back to 1935. The first of this group 
to appear commercially was _ the 
“phenolic” or “phenol-formaldehyde” 
resinous exchanger. Current products 
of this class are actually sulfonated 
phenol-formaldehyde resins, which have 
exchange capacity ratings of 6,000- 
18,000 gr. per cubic foot, depending on 
the particular product under considera- 
tion and the quantity of regenerant 
used in its operation. 

Although both the 
zeolites and the phenol-formaldehyde 
resins are definitely suitable for many 
water-soitening and ion-exchange uses, 
their applicability is somewhat limited 
by their instability at elevated tempera- 
tures or high pH and in the presence 
of oxidizing agents such as chlorine. 


carbonaceous 


Styrene Base Resins 


Probably the most outstanding de- 
velopment of the past three years in 
ion exchange products used for water 
softening has occurred in the nonphe 
exchangers. Ma- 
terials of this class are made by cope ly- 


nolic-resin cation 
merizing styrene with divinylbenzene 
and sulfonating the resulting copoly- 
mer. These exchangers have out- 
standing operating characteristics. 
The 
resins have capacity ratings of 25,000 
30,000 gr 
on the quantity of salt used for regener- 
Products of this type exhibit a 
high exchange capacity on low: salt 
consumption. Aultman and Bowers 
state (1) that: “the nonphenolic base 
resins appear to withstand the oxidiz- 
ing effect of low concentrations of chlo- 
rine. In addition, they are able to op- 
erate at an exchange capacity of 20,000 


nonphenolic (styrene base) 
per cubic foot, depending 


ation 
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gr. per cubic foot at a salt efficiency of 
0.25 Ib. per kilograin of hardness re- 
moved without any apparent deleteri- 
ous effect.” 

This characteristic has been verified 
further at the Memphis, Tenn., plant 
of the Quaker Oats Chemical Co., 
where, after more than two years of 
operation, the nonphenolic exchanger 
is Maintaining a capacity of 23,000—24.- 
000 gr. per cubic foot on a salt consump- 
tion of 0.25 Ib. per kilograin of hard- 
ness removed. The exchange capaci- 


TABLE 1 
Exchange Capacities 


Material Capacity 
gr. /cuft. 


(as CaCQOs) 


2,800— 3,000 
4,800- 5,000 
10,000--12,500 
12,000-16,000 
5,000-— 7,000 
6,000- 18,000 
24,000—30,000 


Greensand 

High-capacity greensand 
Synthetic gel type zeolites 
Super gel type zeolites 
Carbonaceous zeolites 
Phenolic resins 
Nonphenolic resins 


ties referred to above are summarized 
in Table 1. 


Physical Stability 


Accelerated conducted in the 
laboratory indicate that the styrene 
base nonphenolic cation exchangers are 
exceedingly resistant to physical wear 
or attrition. 
by placing a standard quantity of ma- 
terial in a 4-0z. bottle and covering it 
with water. The sample is then tum- 
bled end-over-end on a rotating wheel 
for a number of hours so that the par- 
ticles constantly rub against each other, 
much as they do in the zeolite back- 
washing operation. By subjecting dif- 
ferent products to exactly the same test 
conditions, some evaluation of their 
comparative abilities to resist attrition 


tests 


These tests are conducted 
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can be made. In this test, the non- 
phenolic resin shows greater resistance 
than the older synthetic zeolites. 


Chemical Stability 

The chemical stability of the non 
phenolic styrene base products has been 
demonstrated through some unusual 
applications. In the ion-exchange puri 
fication of milk whey used in the prep 
aration of pure sugar, 
insoluble proteins separate out on the 
surface of the cation exchanger, thereby 


lactose acicd- 


reducing its ion-exchange capacity. In 
considering a solvent for the elimina- 
tion of this surface contaminant, caus 
tic soda solution seemed a logical choice, 
but, since it was known to have a detri 

mental effect on the inorganic zeolites 
and the phenol-formaldehyde resins, 
it was first applied in a 2 per cent solu 

tion at room temperature to the styrene 
base resins. When it was found that 
the resin was stable at that concentra- 
tion of sodium hydroxide, 4 per cent 
and & per cent solutions were tried. 
To obtain more rapid solution and test 
the stability of the resin further, it 
was treated with 8 per cent sodium hy 

droxide at 150°F. As a check on sta 

bility only, the resin was digested in 
an & per cent sodium hydroxide solu 

tion at 150°F. continuously for 30 days 
At the end of this period the resin was 
evaluated for exchange capacity and 
physical condition. The results indi- 
cated that the material had undergone 
no physical or chemical depreciation 
and had suffered no loss in exchange 
capacity. 

The stability of the nonphenolic res- 
ins at elevated temperatures has been 
demonstrated at the Quaker Oats 
Chemical Co. Memphis softening plant, 
where the raw water is first used for 
cooling purposes before passing through 
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the resin to be softened for subsequent 
application as hoiler feedwater. This 
water supply, therefore, always carries 
a temperature ot approximately lOO 
as it enters the resin bed 

\ further and more severe test of the 
ability of the nonphenolic resins to 
withstand high temperatures is bemg 
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bility of the resin to boiling and even 
higher temperatures 

Inasmuch as these high-capacity 
styrene base resins owe their exchange 
capacity characteristics to the pres 
ence of sulfonic acid groups, introduced 
by treating the base resin with con- 
centrated or fuming sulfuric acid, it 1s 


rABLE 2 


Vonphenolic Styrene Base Resin Capacity 


230 
240 
0.0 
20.0 
00 
19.8 
16.0 
15.0 
18.0 


with watet 


provided by pilot plants tor the removal 


of residual hardness following hot- 
process’ lime soda softening. In these 
appheations, the resin is being used 
on water which has not only a tempera- 
ture of 220°-230°F. but also a pH of 
10. Tests such as those just referred 


to have, theretore, established the sta 


43.0 

un 

5 260 

200 
28.2$ 


nto freeboard filled 


readily understood that products of 
this type will not be adversely affected 
hy treating water or liquids of low pH. 
Removal of calcium and magnesium 
from liquids at a pH of 3-3.5 has been 
carried out successfully without detri- 
ment to the resinous ion-exchange ma- 
terial. 


————7 
1) Mow pflow 
Nat Solution it a. ft 
is 6 15 6 
Hed 
Kate 
cpm 
i Kegeneratior ‘ met 
( ane t key ‘ 1 
: ww 5 $3.1 27.7 25.2 33.2 29.5 24.0 20.4 
} 10 27.4 4.1 31.2 25.1 22.9 18.2 
0 26.2 21.1 10.6 22.4 16.7 
15 41.1 70 23.5 32.6 230 210 
; 15 5 32.6 26.5 | 21.3 32.0 | 27.8 | 23.0 | 20.5 
15 0 RO 60 208 21.7 30.6 | 27.1 22.4 20.5 
; 7.5 125 w4 17.0 22.5 250 200 20.4 
7.5 70 60 17.0 0.1 25.0 19.0 18.5 
7.5 5 26.8 | 23.0 | 15.1 22.5 30.0 25.0 18.1 16.1 ; 
26.5 17.5 
4 26.5 17.5 
10 
Laboratory test; brine temperature ist 
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In the industrial softening of Great 
Lakes water by means of the inor- 
ganic gel type zeolites, depreciation of 
the zeolite due to the comparatively 
low silica content of the water being 
softened has always constituted a prob- 
lem because of the leaching of silica 
from the zeolite. Since the polystyrene 
resins have an organic base structure 
in contrast to the siliceous “backbone” 
of the inorganic gel zeolites, waters of 
low silica content can be softened by 
them without resin depreciation. 


Stability to Oxidizing Agents 
In contrast to the sulfonated 

and phenol-formaldehyde classes of ton 

exchangers, products of the styrene 


coal 


base type are exceedingly stable to 
oxidizing agents such as chlorine. Be- 
cause chlorine even in low concentra- 
tions is only partially adsorbed by 
these resins, it can readily be used as a 
disinfecting agent for bacterially fouled 


beds. 


Flow Rate and Direction 


Tests conducted in the laboratory and 
verified in field research 
that the styrene base resins can give 
efficient operation at flow rates as high 
as 20 gpm. per square foot of bed area 
with normal bed depths of 30 in. Al 
though the use of very shallow beds ts 


units show 


not recommended, data obtained indi- 
cate that these resins can also give 
efficient performance when used at 
standard flow rates of 5 gpm. per square 
foot through beds only 74 in. in depth. 

Although these high-capacity resin 
exchangers are normally operated 
“downflow,” test data indicate that they 
can be just as effective “upflow,” so 
long as sufficient freeboard is provided 
to prevent loss of resin during the 


softening operation. Table 2 gives the 


HIGH-CAPACITY 


EXCHANGERS 79 


results obtained with varying flow 
rates and bed depths for both upflow 
and downflow operation. 


Iron and Manganese Removal 


The styrene base resins are capable 
of removing soluble iron and manga- 
during the normal 
In softening an 


effectively 
water-softening cycle. 
iron-bearing water, the iron will ap- 
pear in the treated water practically 
simultaneously with hardness “break- 
through.” Higher iron concenirations 
are encountered in domestic than in 
industrial or municipal water softening. 
There appears to be no limit to the 
concentration of iron that can be re- 


rABLE 3 
Expansion Characteristics 
Flow 
Rate 
gpm 


Expansion 
per cent 
25 
35-- 
45-5: 


65 


Sq ft 


moved by the resins as long as it re- 


mains in a soluble (ferrous) condi- 
tion. Combinations of hardness, iron 
and manganese, with manganese con- 
centrations as high as 6 ppm., have 
been satisfactorily handled with the 
resins. 


Regeneration With Sea Water and 
Natural Brine Wells 


Secause of the interest being shown 
by municipalities in these high-capac- 
ity, stable resins, they have been sub- 
jected to capacity evaluation using sea 
water and natural brine wells for re- 
generation. Figure | gives the capaci- 
ties obtainable with sea water and with 


brines from wells in which the salt 


4 
5 
6 
8 mys 
| 
| 


concentration is even lower than in 


sea water 
Physical and Operational Data 


The nonphenolic cation exchangers 
have an apparent density of 48 52 Ib. 
per cubic foot at a moisture content of 
35-45 per cent. The usual grading is 
16-50 mesh. this 
give most favorable capacity perform 


Products of class 


ance in the sodium cycle when regen- 
erated with salt solutions 10 per cent 


\ Regeneration From | 
/ Natural Brine Wells 


. 


| 


4 
2 
8 
E 
a 
“ 
5 
= 


| 
6 7 8 9 1011 12 13 14 
NaC! ~Ib 


4 5 


‘cult 


Sea Water and Natural Brine Well 


Regeneration 


A 
60 minutes for salt brine introduction 


or higher by weight minimum of 
and subsequent rinsing. ts preferred 
Rinse requirements range from 30 to 
toot \ freeboard 
space ot 50-75 per cent of the depth 


50 gal. per 


of the resin should be provided to pre 
vent loss of resin during backwashing 
Table 3 gives the expansion character 
istics of these materials for upflow op 
60) 


eration at between 


and 80°F 


temperatures 
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Because the nonphenolic resins are 
capable of giving unusually high capac- 
ity performance at excessively high 
operating rates of flow (as shown ™ 
Table 2), it is important to know their 
at 
These data 


characteristics 
flow rates and bed depths. 


head loss various 


are given in Fig. 2. 


Conclusion 


The development of the nonphenolic 
stvrene base materials has provided a 
class of ion exchangers capable of giv- 


At exhaustion 


} | 
Ye start of cycle 


| } | 
12 


Flow Rate—gpm./sqft 


FG Head Loss Characteristics 
ing high water-sottening capacity at 
low salt regenerant consumption. Their 
excellent chemical and physical sta 
hility characteristics make these prod 
ucts admirably suited to all domestic, 
industrial and municipal water-soften 
ing applications 


Reference 


1. AvuitMan, W. W A.E. Use 
of Organic Cation Exchangers for Mu 
cipal Water Softening. Pro %h Ann 
Water Conf Soc. of Western Pa. 
(1948) 


& Bowers, 


Eng 


| | 6 

12 ¢—4 22 
| 

0 

a 
— 


Cation Exchangers for Municipal Water Softening 
By Lee Streicher and A. E. Bowers 


A paper presented on Oct. 27, 1949, at the California Section Meeting, 
Sacramento, Calif., by Lee Streicher, Chief Chemist, and A. E. Bowers, 
Research Chemist, Metropolitan Water Dist. of Southern California, 


La Verne, Calif. 


CONOMY of operation and life 
expectancy are the two most im- 
portant factors to be considered in the 
selection materials 
for municipal water softening. The 
recent development of high-capacity 
resinous exchangers has more than 
met the need for adequate capacity in 
ion exchangers, making it a less critical 
factor than it in former years. 
Exchange capacity, therefore, will be 
considered only insofar as it affects the 
softener operation and 


of base-exchange 


Was 


economy of 
serves as a measure of the useful life of 
the exchange material. Salt efficiency 
and life expectancy, including the effect 
of small dosages of chlorine on the or- 
ganic exchangers, will serve as the basis 
for evaluating the several types of ex- 
changers tested. 


Introduction 


When the softening plant of the 
Metropolitan Water Dist. of Southern 
California was first placed in operation 
in 1941, no reliable data were avail- 
able on the operating characteristics 
of synthetic zeolites. The 26,400 cu.ft. 
of this material initially installed in the 
plant gave satisfactory results, with 
only a slow rate of decrease in efficiency, 
for the first 34 years, during which 
700,000 gal. of water was treated per 
cubic foot Subsequently, 
however, the exchange capacity dropped 
more rapidly until it reached a level of 


of zeolite. 
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about 60 per cent of the original ca- 
pacity. At the same time the salt con- 
sumption increased to a value about 72 
per cent higher than the original. The 
results of the work done by the district 
to determine the cause of this loss im 
efficiency have previously been re 
ported (1). 

In order to increase the operating 
efficiency, the district revivified its orig 
inal zeolite after several years of oper- 
ation. New zeolite was installed in 
some units to make up the volume loss 
resulting from the revivification proc- 
Examination of plant operating 
data since revivification indicates that 
there has been a gradual loss in ex- 
change capacity and a corresponding 
decrease in salt economy for both the 
old and the new zeolites. At that time, 
hecause reliable data on life expectancy 
of the resinous ion exchangers were 
lacking and the unit cost of these ma 
terials was so high, the district did not 
feel it could install one of them in the 
softening plant. As a result of this 
later experience, a research program 
instituted to determine life ex 
pectancy as well as operating economy, 
under district conditions, of all available 
ion exchangers. 

It cannot be too strongly emphasized 
that all data and conclusions are based 
on tests run with Colorado River wa 
ter under the district’s conditions of 
pretreatment and softener operation. 


ess. 


was 


&2 LEE STREICHER & A. E. 


The average quality of the water used 
for most of the test work is shown in 
Table 1. 


may not be applicable to similar tests on 


These conclusions may or 


the same types of exchangers when an 
other type of water is used 


Scope of Tests 

The term “zeolite,” as used in this 
paper, means only synthetic siliceous 
zeolite. The organic cation exchangers 


commonly used for water softening 


can be divided into the three general 


rABLE 1 
Colorado River Water Quality 


Zeolite 
Influent* 
ppm ppm 
Silica (SiO) 14.0 
Calcium (Ca &4 63 
Magnesium (Mg) 
Sodium and Potasstum 106 
(Na, K) 

Carbonate (CO 0 
HCO 


Natural 
Water 


Constituent 


Bicarbonate 

Sulfate (SO, 

Chliorick Ch) 

Total dissolved solids 

Total hardness as CaCO 

Carbonate hardness as 


Hydrogen ton concentta 
tion (pH 8.0 
Elec. conductiy 1,100 1,010 


mho 


* added 


classes of carbonaceous, phenolic and 
high-capacity polystyrene, depending 
upon \ll rely 


principally upon sulfomie acid groups 


their basic structure 
for their exchange properties kx 
cept where specifically indicated, the 
results for all the ion exchangers will 
be reported as averages lor all the ma 
terials of the same type. In a previous 
report (2) it was shown that the ex- 
change salt 


consumption and inability to stand up 


capacity, color-throw, 


under the oxidizing effect of chlorine 
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made the carbonaceous and the phe- 


nolic resins unsuitable for district use 
In the early part of 1947, and since 


then as more new resins became avail- 
able, samples of organic ion exchangers 
were obtained from all the manufac- 
turers tor The 
changers which have been or are he- 


test purposes. 


ing tested include two synthetic sili- 


two carbonaceous €X- 


five phenolic and three 


ceous zeolites, 
changers and 
polystyrene resins. 

The testing program was set up to 
determine some of the important char- 
acteristics of the new ion-exchange ma- 


TABLE 2 


Particle Size Distribution 


M.W.1D).1 


Specs 


ad 
Retained Per Cent by Weight 


* U.S. Standard Sieve Series 


t Metropolitan Water Dist. of Southern Calitornia 

terials and then to observe the changes 
which take place during use. Most of 
the tests were designed to simulate the 
conditions which are adaptable to dis- 
trict 
tests were made: 


use. To this end, the fo'lowing 


1. Particle size distribution 
2. Expansion during upflow opera- 
tion 

3. Weight per cubic foot 

4. Effect of salt dosage on salt con- 
sumption and exchange capacity 

5. Effect of variation in brine con- 
centration on exchange capacity 


Fine | 
lieve Zeolite Zeolite 
Passing = 
8 0 0 0 
314 314 8 10 9.8 | 
85 85 10 16 55.6 9.4 
701 652 16 20 17.2 28.2 20-40 ) 
$34 281 0 85 | 334 | 25-45 
119 65 30 40 Tee 
10 ‘1 79 § 
50 0 14 | 
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6. Effect of brine contact time on 
exchange capacity 

7. Bacterial growths in ion-exchange 
layers 

Life expectancy. 

Data presented herein and conclu- 
sions reported are based on results ob- 
tained from the plant softener units, 
from ten fully automatic domestic type 
units purchased specifically for the test- 
ing program and from numerous tests 
run in small, column type units. The 
plant units, each containing approxi- 
mately 2,200 cu.ft. of exchange ma- 
terial, provide data on exchange ca- 
pacity, salt efficiency and life expect- 
ancy of four brands of synthetic sili- 
ceous zeolites which have been in op- 
eration for varying numbers of years. 
One plant unit containing 2,000 cu.ft. 
of one of the new high-capacity poly- 
styrene resins has been in operation 
for six months (450,000 gal. per cubic 
foot of exchanger). The primary func- 
tion of the ten automatic units, each of 
which contains 1} cu.ft. of exchanger, 
has been to aid in the life expectancy 
determinations for the several types of 
materials tested. Most of the ex- 
change capacity, salt efficiency, bed ex- 


pansion, and other miscellaneous tests 


were run in the 2}-in. (id.) plastic 


tubes. 


Particle Size Distribution 


It has long been known that par- 
ticle size distribution is very important 
for proper softener operation. Coarse 
ion-exchange material will give very 
poor hydraulic reclassification during 
backwash when the normal operation 
is downflow. In upflow  soitening, 
channeling and poor base exchange will 
result when the material is too coarse 
to be held in full teeter. The other 
extreme of a fine material will cause 
excessive head when operated 
downflow, or a loss of material by 


loss 
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carryover when operated upflow. Ii 
enough freeboard’ is allowed, a very 
fine material may be used in upflow op- 
eration with a minimum loss of ion ex 
changer. Even under these conditions, 
however, the rate of regeneration de- 
sired may set a practical limut on the 
permissible particle size. 

Synthetic zeolites differ 
from the newer organic resins in den 
sity and usually in particle size. Table 
2 shows the maximum and minimum 


siliceous 


particle size which the district has used 
in the past, as well as the particle size 
range which has been found to function 
most satisfactorily. It should he 
pointed out that the coarse material 
shown in Table 2 did not function very 
well under the conditions prevailing at 
the district softening plant. It was 
found that, at an upflow rate of 7.5 
gpm. per square foot, 57 per cent of the 
bed did not move at all; for the entire 
bed, the total expansion was only 10 per 
cent. If suspended matter is present 
when such coarse material is used in 
upflow softening, the lower part of the 
bed may become clogged, resulting in 
increased head loss, channeling and loss 
in exchange capacity. To clean such a 
bed requires special treatment, such as 
jetting with water while in upflow 
operation or removal of the mineral 
from the bed for washing. Not only 
are the hydraulic characteristics poor 
but the operating exchange capacity is 
lower for the coarser material. It has 
been found that the exchange capacity 
of synthetic siliceous zeolites may range 
from as low as 5,000 gr. (grains) per 
cubic foot to as high as 13,000-18,000 
gr. per cubic foot, depending on par- 
ticle size and lot (1). 

The polystyrene received 
from the manufacturer have never been 
too coarse. The size of the beadlike 
particles has usually been very well 
controlled. The sulfonation step re- 


resins 


é 
= 
3 
4 
i 
+ 
a 
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LEE 
quired to place the ion-exchange groups 
on the resin at first caused cracking of 
the beads with consequent production 
of unwanted More re- 
cently, however, the three manufac- 
turers who produce this type of resin 
have been able to hold bead breakage 
to within the range of 6-17 per cent. 
Resin produced for commercial use 
usually has a minimum amount (3 per 
cent) which will pass a No. SO) U.S. 
with the siliceous 


some fines 


sieve. In contrast 


& 
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tered hefore coming to the softeners, 
occasionally some suspended matter 
may be present in the softener influent 
water, When this condition occurs, it 
has been observed that during back- 
wash the beaded material will rid itself 
of the foreign matter much faster than 
the granular resin. Because of the 
greater expansion and relatively fine 
particle size of the resins, the suspended 
matter may pass through the bed during 


upflow softening. 


rABLE 3 


Particle Size Distribution for New and Used Zeolite and Polystyrene Resin 


Passin Retained on 


10 
16 
40 
xO 
70 


Hective size 
niformity coefficient 
US. Standard Sieve Series 


t 2 mil.gal. water soltened per cubic toot 
3 mil.gal, water softened per cubic toot 


zeolites, the polystyrene resins do not 
show any marked variation in exchange 
capacity for the different particle sizes 
Because of the form of the 
newer resins, the hydraulic character 


beaded 


istics during upflow operation are much 
better than for the older, granular type 
materials. A much higher backwash 
rate can be tolerated before the resin 1s 
in danger of carryover. Although it 
is the recommendation of every manu- 
facturer that the water be clean or fil- 


Le 


lite Resin 


sedt 


Per Cent by Weight 


Ww 
~s 


Table 3 shows sieve analyses for 


samples of a siliceous zeolite and a 


styrene resin, taken when the materials 


were new and again after they had 
been in service for 2 and 3 mil.gal. of 
water per cubic foot, respectively, un- 
der district operating conditions. A\l- 
though the two materials were placed 
in operation at the same time, 50 per 
cent more water had been put through 
the resin because of its ability to ex- 
change ions more rapidly, permitting 


i 

Sieve No.* 
; 8 0 0 0 0 

: 10 98 0.4 0 0 

16 55.6 10.6 5 2.1 

; 20 17.2 15.2 7 27.5 
19.4 6 50.4 
0 4.8 20.2 0 18.0 
$ 50 4.1 18.5 | 1 2.0 
70 0 6.4 0 
; 0 93 0 0 
0.46 0.23 0.48 0.52 
; { 2.46 2.71 1.74 1.60 
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a faster rate of softening, and because 
the greater capacity of the resin al- 
lowed more nearly continuous operation 
with less time out for regeneration. It 
should be pointed out that the sample 
of zeolite after use was very friable and 
some particles were probably broken 
during screening. The high-capacity 
resin has lost all of the material pass- 
ing a No. 50 U.S. sieve and over half 
of that retained on the sieve. 


Weight per Cubic Foot 


It has been found that, under district 
operating conditions, the siliceous zeo- 
lites gradually decrease in weight per 
cubic foot with continued use. This 
weight loss is due to silica dissolution 
which results in channeling of the par- 
ticles and a wasting away as the outer 
surface becomes structurally weak. It 
is reflected in a loss of exchange ca 
pacity and an accumulation of fines in 
the bed. In district operation, a sample 
of zeolite which had a weight of 27.0 Ib. 
per cubic foot (ignited) when new 
dropped to as low as 16.7 lb. after it had 
passed 2.0 mil.gal. of water per cubic 
foot. 

Determinations of weight per cubic 
foot were made on both the new and 
the used zeolite and polystyrene resin 
shown in Table 3. For this test, how- 
ever, the materials were screened and 
only the No. 20 to No. 30 sieve size 
was used. The difference in behavior 
between the two types of materials is 
clearly demonstrated in Table 4. 
Whereas the siliceous zeolite showed 
a pronounced drop in unit weight after 
2 mil.gal. per cubic foot had been 
softened, the resin remained essentially 
unchanged after 3 mil.gal. per cubic 
foot had been softened. 


Salt Dosage and Brine Concentration 


The determination of salt require- 
ments is the most important test as far 
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as the district is concerned, since it is 
in the regeneration of the plant softener 
units that the greatest economies can 
be effected. A very important point 
which required investigation, there- 
fore, was whether good exchange ca- 
pacities could be expected even under 
salt semistarvation conditions. Al- 
though the unit savings in salt which 
result from operating under these con- 
ditions may be small, the overall sav- 
ing increases rapidly when the soften- 
ers are in continuous operation on a 
large scale. For example, during the 
fiscal year 1948-49, when more than 
25 bil.gal. of water was put through 
the district plant, 15.1 bil.gal. was 
softened in the zeolite units. About 


TABLE 4 
Weight of New and Used Zeolite and 
Polystyrene Resin 


Material New Used 
Zeolite 28.4 20.9T 
Resin 32.2 32.1} 


* Jarred; oven dry. 
t 2 mil.gal. of water softened per cubic foot. 
t 3 mil.gal. of water softened per cubic foot. 


50,000 tons of salt was required for 
regeneration purposes.- Under these 
conditions, even a 1 or 2 per cent de- 
crease in salt consumption due to more 
efficient softener operation would re- 
sult in a worth-while saving. 

The exchange capacity tests were 
carried out under very carefully con- 
trolled conditions in the plastic tube 
units. In every test the manufacturers’ 
recommendations on flow rates, salt 
dosage, brine contact time and brine 
concentration were taken as a start- 
ing point. Then the particular variable 
under investigation was changed to de- 
termine its effect on the exchange ca- 
pacity. When a new ion exchanger 
was used, it was recycled several times 
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before the collection of comparative 
data was started, in order to remove all 
soluble foreign matter which might in- 
terfere with the test. When the tests 
were begun, a minimum oi five runs 
was made; more were added, if neces- 
sary, until the results of five cycles did 
not vary by more than 5 per cent from 
the average. 

The results obtained from one brand 
of zeolite cannot be applied directly to 
any other brand, or even, usually, to 
another lot from the manufac- 
turer. To illustrate, Fig. 1 shows the 
effect of salt dosage on exchange ca- 
under identical conditions for 


pacity 


3 


3 


' 


10 
Salt Dosage ~ ib. /cu.ft. 
Salt Dosage and Exchange Capacity 
(Zeolite ) 


Fic. 1 


two different lots of zeolite from the 
same manufacturer. In one lot the ex 
change capacity was the maximum that 
could be expected, while in the other 
it was lower than is desirable for good 
operation 

All the polystyrene base resins dis- 
played almost identical results under 
district conditions, although a slight 
variation lots can be 
gives laboratory 
results for the operating exchange char- 


between some 


observed. Figure 2 
acteristics of one polystyrene resin. 
The one variable that is not taken into 
consideration here is the rate of brine 
flow through the unit during regener- 
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ation. An examination of Fig. 2 
shows that an increase in salt dosage 
will increase the exchange capacity. 
Also to be noted is the fact that very 
good exchange capacities can be ob- 
tained at heretofore unattainable salt 
consumptions. The data in Fig. 2 are 
not typical for all polystyrene resins 
because it has sometimes been found 
that the 10 and 15 per cent brine curves 
may be superimposed on each other. 
The 5 per cent brine, however, is al- 
ways far inferior to 10 per cent. 

In plant operation, where 2,000 cu.ft. 
of polystyrene resin is operated at a 


32,000 


> 


Exchange Capacity ~ gr /cu-ft. as CaCO, 


* Sait Dosage /cu-ft 


| 


0.2 03 04 05 06 
Salt Consumption ib. /kgr. hard. removed 


Effect of Salt Dosage and Brine 
Concentration (Resin) 


regeneration level of 5 Ib. per cubic 
foot, capacities of 23,000 gr. per cubic 
foot are being obtained after 320 sof- 
tening cycles (450,000 gal. per cubic 
foot). Figure 3 shows the results 
which were obtained from this large- 
scale upflow softening operation. The 
difference in exchange capacity shown 
in Fig. 2 and 3 is due to the direction 
of water flow during softening. The 
laboratory results are from downflow 
while plant data are from upflow op- 
eration. This comparison indicates 
that an increase in capacity of about 
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15 per cent can be obtained when the 
flow of water during softening is 
changed from downflow to upflow, 
confirming the results found earlier 
for siliceous zeolites (1). 


Brine Contact Time 


Conclusive results concerning the ef- 
fect of the regenerating brine rate of 
flow on exchange capacity have not 
been found in the literature. It has 
been indicated by others that so slow 
a rate of flow might be attained that 
the brine could slip by the exchange 
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Salt Consumption and Exchange 
Capacity (Resin) 


material without causing an exchange 
of ions (3). Conversely, the rate of 
flow may be so fast that there is not 
time for the exchange reaction to take 
place before the brine is removed from 
the unit by the rinse water. For the 
siliceous zeolites, a very definite change 
in the operating exchange capacity 
takes place as the concentration of the 
brine is changed from the optimum. 
Figure 4 shows [1] that brine concen- 
tration and brine rate of flow have a 
decided effect on exchange capacity 
and [2] that if the rate of brine flow is 
decreased too much, salt passes through 
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the zeolite without effecting good re- 
generation. These facts have been 
noted for all of the siliceous zeolites, 
but to bring out the point most clearly 
it should be stated that a total brine 
contact time of 50-80 minutes (0.5 
0.15 gpm. per cubic foot) must be used 
at the optimum brine concentration. 

With the zeolites tested, it has been 
determined that the optimum brine 
concentration for new mineral should 
be about 5-6 per cent at a brine con- 
tact time of 20-30 minutes. After the 
mineral has been used for a consider- 
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centration and Brine Flow Rate (Zeolite) 


able length of time, a greater efficiency 
of operation can be gained if the con- 
centration of brine is increased slightly. 
Always, the greater the turbulence of 
the regenerating solution, the better 
the exchange reaction will be. 

The polystyrene base resins show a 
greater change in exchange capacity 
than the zeolites when the rate of brine 
flow is varied. Here again it might be 
pointed out that it is almost impossible 
to discuss one particular variable and 
follow its effect throughout the ex- 
change reaction without bringing in 
some of the other very closely related 
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variables. For example, the exchange 
reaction during softening for a sili- 
ceous zeolite might be taking place over 
a bed depth of 4-6 in., while for the 
resin this depth does not appear to 
be more than 4-1} in., depending on 
flow rate. The rate of flow can be in- 
creased to such a point that the break- 
through for the siliceous zeolites be- 
comes very pronounced, whereas the 
highest rate of flow attainable in the 
district laboratory (6 gpm. per cubic 
foot) has produced a very soft water 
from the resins. Figure 5 shows the 
variation in downflow operating ex- 
change capacity of a polystyrene resin 
when the brining (contact time) was 
varied over a normal operating range. 
For the high-capacity resins, a definite 
improvement can be made when the 
time is increased from 10 or less to 
about 15-20 minutes. A further in- 
crease in exchange capacity can be 
effected if a longer regeneration time 
is not detrimental to plant operation. 


Bacterial Growths 


Recently some concern has been ex- 
pressed in the water softening field 
that, because of the organic nature of 
the new ion exchange materials, the 
possibility of contamination by bac- 
teria might become a problem. A\l- 
though it has been reported (4) that 
bacteria cannot utilize the resinous ex- 
changers for food, this does not neces- 
sarily mean that bacteria will not find 
the ion-exchange beds very good places 
for habitation. Most bacteria which 
exist under these conditions are se- 
dentary in nature, attaching them- 
selves to the surface of the granules. 
Removal of the bacteria during back- 
wash would thus be extremely difh- 
cult if not impossible, particularly if 
the slimes are imbedded beneath the 
surface of the exchange material. 
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Those bacteria which are filtered out 
of the water when the units are op- 
erated downflow may usually be re- 
moved during backwash. 

The possibility of the contamination 
of ion-exchange beds from a water 
that has been filtered and chlorinated 
is not very great. The most likely 
source of contamination would be the 
regenerating brine. Because of the 
medium in which the bacteria would 
have to live, however, it is the opinion 
of bacteriologists that the presence of 
pathogens is not to be expected (5). 
The only harm which might come 
would be the loss of exchange capacity 
by the dissolution of silica from the 
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siliceous zeolites, due to local acidity 
resulting from bacterial action, or a 
clogging of the ion exchangers by the 
bacterial slimes. In addition, if a unit 
became highly contaminated, the bac- 
teria might introduce undesirable 
tastes and odors into the water. 
The siliceous zeolites will not ab- 
sorb chlorine from the water and dis- 
infection of such units is relatively easy. 
If the zeolite is clean, the chlorine will 
pass through the bed virtually un- 
changed. If, however, the bed has been 
allowed to become contaminated with 
bacteria, the chlorine may be used up 
on passage through the unit. The 
polystyrene resins, when new, will re- 
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move small quantities of chlorine from 
the water. As the soluble materials 
are leached from the resin, the chlorine 
demand goes down. In the district lab- 
oratories, it has been found that, where 
the resin is kept sterile, a chlorine resid- 
ual will be carried essentially un- 
changed through the bed. The phenolic 
resins, however, very effectively and 
continuously remove the chlorine from 
the water, making disinfection with 
chlorine extremely difficult. Since the 
absorption takes place very rapidly, the 
chlorine may not be carried more than 
5-8 in. below the surface of the bed. 

After approximately two years of 
operation, two of the units containing 
phenolic resins began to lose capacity 
unusually fast. Examination revealed 
that in both units the resin was ce- 
mented together, leaving only a small 
channel in the center through which 
the water passed. Physical separation 
of the particles followed by backwash 
resulted only in temporary improve- 
ment. Disinfection with formaldehyde 
proved more effective and was made a 
regular weekly practice. A return to 
normal exchange capacity and the ab- 
sence of further cementing have been 
observed since the inception of this 
treatment. 


Life Expectancy 


It is the opinion of the district staff 
that it is impossible to predict the true 
operating life of an ion-exchange ma- 
terial from accelerated tests. Experi- 
ence has shown that, while a zeolite 
might stand up for years of service 
under one set of conditions, tt may have 
a very short life under another. It was 
for this reason that the ten fully auto- 
matic units were installed. Monthly 
or weekly checks were made on the 
materials in the units to determine how 
they were operating. The softening 
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rate of flow was set at 6 gpm. per square 
foot (2.5 gpm. per cubic foot), a rate 
which the district has found very satis- 
factory in plant operation. Because of 
softener design, it was impossible to 
exercise exact control over al) the vari- 
ables in the softening and regeneration 
cycles. Each unit was therefore set 
to give the best operating conditions 
possible for the material it contained. 
The main purpose of this test was to 
see just what effect the amount of wa- 
ter softened, water quality and chlorine 
had upon the ion-exchange materials. 

When large quantities of water have 
to be put through ion exchangers, the 
phenolic and carbonaceous materials 
do not operate satisfactorily in the 
presence of chlorine. The chlorine is 
absorbed causing a breakdown, which 
manifests itself in color-throw and a 
rather rapid loss of exchange material. 
Where relatively small amounts of wa 
ter are softened, the breakdown which 
may come from the oxidizing effect of 
the chlorine would be relatively small 
and the problem would not be serious. 
In waters where chlorine is not pres- 
ent, the carbonaceous and phenolic 
resins have given years of satisfactory 
service. Under some conditions, their 
ability to remove chlorine is a desirable 
feature. When an objectionable taste 
in water is due to free chlorine, it can 
be removed very easily by passage 
through one of the phenolic resins, but 
chlorinous tastes which arise from the 
reaction of chlorine with phenolic 
wastes will pass through the unit un 
absorbed. 

Recently portions of the siliceous 
zeolite and polystyrene resin which had 
passed the greatest amount of water 
per cubic foot were sampled for test 
purposes. New material correspond- 
ing to each of these specimens was also 
sampled so that parallel tests could be 
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made. Sieve analyses for both the 
new and used materials have been 
given in Table 3. The siliceous zeolite 
sample started with an exchange ca- 
pactity of 10,000 gr. per cubic foot 
when new. The exchange capacity 
dropped slowly until at present (after 
passing 2 mil. gal. of water per cubic 
foot) a 35 per cent loss is indicated 
It was felt that this loss might be di 
rectly related to the weight loss, but 
this theory did not prove entirely cor 
rect as only a 26 per cent loss in weight 
has been found. Perhaps other factors 
such as a partial collapse of the par 
ticle structure due to the silica dissolu 
tion, or possibly a clogging of the zeo 
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lite particles by bacteria or some foreign 
matter like colloidal alumina or cal- 
cium carbonate, may have been partly 
responsible for the loss in capacity. 
In direct contrast to the siliceous zeo 
lites, the polystyrene resins show no 
loss in exchange capacity or unit 
weight. It appears that the siliceous 
zeolites would have to be replaced at- 
ter about 2 mil.gal. had been softened 
per cubic foot. The styrene resin, on 
the other hand, seems to be as good 
at present as when it was first put into 
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marked improvement. The loss in 
fines has amounted to slightly less than 
3 per cent, and the total loss of resin 
since the start of the test has been 3.2 
per cent. 


Economic Considerations 


Early in 1947 studies (2) were ini- 
tiated by the district to determine which 
of the cation exchangers—the zeolites 
or the polystyrene resins—could be op- 
erated more economically over long pe- 
riods. At that time the only data avail- 
able on salt consumption under salt 
semistarvation conditions were from 
laboratory test columns operated down- 
flow. After that study was made, 
2,000 cu.ft. of resin was placed in one 


10 20 30 40 50 60 70 
Sea Water per Cubic Foot of Resin — gat. 

Fic. 7. Sea Water Regeneration and Op- 
erating Exchange Capacity (Resin) 


of the district softening plant upflow 
units. This unit showed a 15 per cent 
higher exchange capacity and a slightly 
lower salt consumption than the test 
unit with the same resin, due primarily 
to the greater efficiency of upflow op- 
eration. 

A recent economic study, comparing 
the polystyrene resin in the plant unit 
with the average of the zeolites used in 
softening plant operation, provided the 
data shown in Fig. 6. The following 
items were given consideration: [1] 
cost of exchange material; [2] cost of 
salt for regeneration; [3] cost of so- 
dium silicate addition where required ; 
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and [4] value of the regeneration wa- 
ter lost. The unit charges for these 
items are listed in Table 5. Although 
an appreciable saving in construction 
cost can be effected if a plant is designed 
on the basis of the higher exchange ca- 
pacity of the polystyrene resins, no al- 
lowance was made in Fig. 6 for this 
factor because the resin will be installed 
in units already constructed. From 
the curves in Fig. 6, it can be seen that, 
for most municipal or other large in- 
stallations, the savings in operation may 


TABLE § 
Basis of Softening Cost Comparisons 
Zeolite Resin 
Cost per cu.ft. delivered 
7.08 16.55 
Exchange capacity — 
gr./cuft. 8,700 23,000 
Salt efficiency per kilo- 
grain hardness—/b. 0.37 0.22 
Silica addition (SiO.) 
ppm. 7 0 
Life expectancy 
mil.gal./cu.ft. 2 3 
Cost of salt per ton—$ 4.45 
Cost of sodium silicate per ton—$ 20.00 
Value of regeneration water per 
mil.gal.—$ 58.30 
Cost of waste disposal per mil.gal.—$ 1.00 
Average hardness removed—ppm. 265 
Rinse water required per regeneration 
gal./cu.ft. 15 


offset the higher initial cost of the 
resinous exchangers. 

Another series of tests made in the 
district laboratory is of economic in- 
terest where sea water can be utilized 
for regeneration of the styrene resins. 
It was found that, when a brine contact 
time of 25 minutes was employed, the 


exchange capacity of the resin was al- 
most directly proportional to the 
amount of sea water used (see Table 6 
and Fig. 7). An exchange capacity of 
14,000 to over 18,000 gr. per cubic foot 
was obtained when 20-40 gal. of sea 
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water was used per cubic foot of resin. 
This amount corresponds to about 4.25- 
8.5 Ib. of salt. Although the exchange 
capacity was not as great as that ob- 
tained when a pure sodium chloride 
brine is used, sea water regeneration 
can effect greater economy in operation 
if a plant is favorably located near the 
ocean shore. 


Summary 


Under Metropolitan Water Dist. op- 
erating conditions with pretreated 
Colorado River water, the behavior of 
the several types of cation exchangers 
tested may be summarized as follows: 


TABLE 6 
Analysis of Pacific Ocean Water 
Amount 

Constituent ppm. 
Silica (SiOz) 0.7 
Calcium (Ca) 390 
Magnesium (Mg) 1,240 
Sodium and Potassium (Na, K) 10,300 
Carbonate (COs) 0 
Bicarbonate (HCO,) 142 
Sulfate (SO,) 2,570 
Chloride (C1) 18,300 
Total dissolved solids 32,870 
Hydrogen ion concentration (pH) 7.8 
Hydrometer (sp.gr.) 1.0250 


1. Because of silica dissolution and 
attrition, the siliceous zeolites lose ma- 
terial continuously, causing depletion 
of the volume in the softener unit. The 
rate of loss is very slow initially but 
increases markedly as the zeolite ages. 
At the same time the exchange capacity 
of the zeolite remaining drops steadily 
and the salt consumption increases. 
The useful life of the material has been 
found to be about 2 mil.gal. per cubic 
foot of zeolite. 

2. The carbonaceous exchangers 
maintain their capacity quite well with 
continued use and the loss of material 
is not excessive if the upflow rate is 
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adjusted to meet the requirements of 
the material. The fine particle size of 
materials, however, results in 
excessive loss of exchanger at normal 
upflow softening rates. With inter 
mittent use, the carbonaceous ex 
changers are subject to excessive color- 
throw for a time after resumption of 
operation. Since chlorine is effective 
in sterilizing only the top few inches 
of a unit containing carbonaceous ex 
change material, bacteria may grow in 
the lower portion of the softener. 

3. The phenolic resins are oxidized 
by the chlorine in the softener influent 
water, causing disintegration of the 
surface of the particles and loss by 
carryover. Volume depletion is quite 
pronounced. The exchange capacity 
of the material remaining apparently is 


these 


unaffected by use, but the capacity of 
the softener unit as a whole may be ap 
preciably reduced if measures are not 
taken to inhibit bacterial slimes which 
otherwise cement the exchange ma- 
terial and cause serious channeling 
The absorption of chlorine by the 
phenolic resins may permit bacterial 
growths to develop below the steril- 
ized zone 

4. The polystyrene resins maintain 
their normal characteristics under op 
erating heretofore 
have caused the siliceous zeolites to lose 
capacity. From results to date, it ap- 
pears that a minimum useful life of 3 
mil.gal. per cubic foot may be expected 
from these materials. They are es 
sentially unaffected by chlorine in the 
Finally, their 
ability to operate under salt semistarva 
tion conditions without apparent dele 
terious effect on the resin or on the 
quality of the softened water makes the 
outlook very promising for the use of 
these exchangers where economy of 


conditions which 


softener influent water 
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operation and a long useful life are fac- 
tors of primary importance. 
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The Value of Standardstothe Water Works Industry 
By Harry E. Jordan 


Works Assn., New York. 


HE development and wide accept- 
ance of voluntarily developed ci- 
vilian standards for engineering mate- 
rials is recognized internationally as 
an important factor in the industrial 
and economic progress of the United 
States. 

Although the American Standards 
Association (under another name) was 
not established until World War I, 
standards for industrial and construc- 
tion components, developed through 
the free exchange of information among 
civilian producers and consumers, have 
been rapidly growing in numbers and 
general acceptance for more than half 
a century. 

Without reference to the dictionary, 
the term “standard” will first be con- 
sidered to mean “a statement which, 
in terms of quality or dimensions or 
both, describes an engineering mate- 
rial.” Such statements must be based 
upon a consensus arrived at by compe- 
tent and objectively minded persons. 


Explanation of Terms 


A standard may also describe, in 
terms as exact as conditions permit, 
methods of examination or analysis, 
methods of installation, methods of use 
or methods of reconditioning materials. 
Such standards are frequently referred 
to as procedural documents or manuals 
of practice. They require for their de- 
velopment and acceptance, agreement 
among competent and objectively 
minded persons. 


A statement prepared by Harry E. Jordan, Secy., American Water 


Such standards, manuals, procedural 
documents and the like, when devel- 
oped by an organization such as the 
A.W.W.A., must be considered as 
recommendations of dimensions, qual 
ity or performance—to producers as 
well as consumers, or users—that 
members of either group may indi 
vidually elect to use or not as they see 
fit. Their use is not mandatory among 
members of an association and cannot 
be so considered without being in vio- 
lation of the antitrust laws of the 
United States. But, when a consumer 
issues a contract or purchase proposal 
which makes proper reference to such 
a standard, and a manufacturer or a 
contractor enters into an agreement to 
furnish goods or perform services ac- 
cording to the terms of the standard 
to which reference is made, it becomes 
the legal obligation of the manufacturer 
or contractor to produce material or 
render services according to such 
terms ; and it becomes the obligation of 
the purchaser or owner to accept ma- 
terials or services furnished or ren- 
dered in compliance with the terms of 
the standard. These distinctions are 
important. They may be epitomized 
by stating that “an association stand- 
ard is not a mandatory standard until 
and unless it has become the basis of 
a contractual relationship between pro- 
ducer and consumer.” 

Governmental agencies promulgate 
standards which are mandatory—to 
the extent that the agency promulgat- 
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ing them has authority. Governmental 
standards are not under discussion 
here. 

Civilian standards are considered le- 
gal when they: [1] promote efficiency 
in production; [2] eliminate misrep- 
resentation; [3] provide adequate in- 
formation concerning materials; or [4] 
improve the service rendered by the 
use of standardized items. They are 
considered illegal when they restrain 
competition or involve price fixing. 
Compulsory use of an association’s 
standards by its members cannot be a 
condition for membership. In other 
words, a “closed shop,” with standards 
as the criterion, is not permissible. 

It must be considered, however, that 
the word “competition” implies the 
ability of the vendor or producer to 
render competent and adequate service. 
No standard is worth the paper used to 
print it if it does not exclude incompe- 
tently made and inadequate materials. 
This point is so obvious that it will not 
he pressed. 


Historical Development 

This Association was organized in 
March 1881, with its first program 
made up largely of informal discus- 
sions. At the second meeting (1882) 
a Committee on Records ‘was formed, 
The descriptions of that committee’s 
work clearly indicate that it was the 
first step in the long history of asso- 
ciated thinking among water works 
engineers designed to simplify and im 
prove the prodaction of water works 
components and to assure the user 
and the public that good service would 
be obtained from the use of standard- 
ized materials. The formal report of 
the Records Committee was presented 
to and approved by the members pres- 
ent at the fifth (1885) meeting. 
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In the proceedings of the fourth and 
fifth annual meetings, reports were 
made concerning a material known as 
“Kalamein,” which was being actively 
promoted for use as a water distribu- 
tion pipe. During the then rapid in- 
crease of water systems in cities and 
towns, it was being widely sold as a 
cheaper but presumably long-lived 
product. Kalamein pipe was said to 
be made of wrought iron, coated (pre- 
sumably alloyed) with zinc, lead, nickel 
and tin. The nonferrous metals made 
up about 13 per cent of the total metal. 
After the iron pipe had been dipped 
in the molten coating metals, it was 
dipped in a hot asphalt bath. (It is 
important to record that this so-called 
wrought-iron pipe cannot be consid- 
ered in the class of modern wrought 
iron. Sixty-five years have brought 
about many changes in the quality of 
cast iron, wrought iron and steel, and 
it would be dangerous to base opinions 
of present materials upon what was 
produced in 1885.) 

A special committee to investigate 
the pipe reported in 1885: “Your Com- 
mittee would express grave doubts as 
to its [Kalamein pipe’s] fitness for the 
purposes for which it claims a place in 
the construction of permanent water 
works.” Much of the time of the con- 
vention was taken up by a pro-and- 
con discussion of the merits of this now 
generally forgotten material. This 
early committee, which in its fashion 
was the forerunner of the present A.W. 
W.A. Committee on Water Works 
Practice, served its day and the in- 
dustry well. Kalamein pipe was not 
suitable as a construction material for 
water works. Time has rendered the 
final judgment. Kalamein pipe is no 
longer manufactured and few in the 
field even remember it. 
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Also at the fifth annual meeting 
(1885), a paper, prepared at the re- 
quest of the officers of the A.W.W.A., 
by Phineas Ball of Worcester, Mass., 
discussed the proper thickness of cast- 
iron pipe to withstand various operat- 
ing pressures and water hammer, and 
to provide “security from breakage 
in handling.” 

In 1886 “in lieu of the report of the 
Committee on Standard Specifications 
for Cast-Iron Pipe,” G. W. Pearsons, 
of Kansas City, discussed “uneven 
castings, pipe weight, lead room and 
how to get good pipe.” 

At the ninth meeting (1889), S. B. 
Russell, of St. Louis, outlined the plan 
and scope of pipe standards, and in 
1890 reported for the committee. The 
report consisted of one page of text 
and a one-page tabulation of dimen- 
sions and weights for Class A, B and C 
pipe—3-in. up to and including 48-in. 
diameter. In 1891 a further report 
was made which established a series of 
test bar and pressure requirements. 

Thus has been outlined the develop- 
ment of A.W.W.A.’s first “standard” 
for a construction material. The A.W. 
W.A. is seen, in the first ten years of 
its history, setting up a procedural 
document on records, developing a set 
of dimensional and quality standards 
for cast-iron pipe, and accepting the 
report of a committee which investi- 
gated and condemned an inferior grade 
of distribution pipe. 

In 1908 the A.W.W.A. and _ the 
N.E.W.W.A. joined in the acceptance 
of a new set of cast-iron pipe stand- 
ards. These were supplanted by the 
1939 A.S.A. standards for pit-cast pipe, 
which are now being extended to in- 
clude A.S.A. standards for centrifugal 


pipe. 
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The various steps toward today’s 
standards for cast-iron pipe have been 
followed through primarily to show 
that the A.W.W.A., very, very early 
in its history, turned toward stand- 
ardization; and also to show that the 
propriety of revision to keep up with 
metallurgical progress has been freely 
recognized. 

No more important step in the A.W.- 
W.A.’s technical progress was ever 
made than the creation of the “Stand- 
ardization Council” in 1920, with 
George W. Fuller as the prime mover 
in the action and first chairman of the 
council. Malcolm Pirnie succeeded 
Fuller as chairman of the council (now 
the Committee on Water Works Prac- 
tice) in 1928 and was in turn succeeded 
in 1947 by Louis R. Howson, who 
continues ably to direct this work. 
The Association has been fortunate in 
the leadership exercised by these three 
men. 

The importance of the organization 
of the Council on Standardization 
rested in the fact that its primary func- 
tion was that of deciding whether or 
not to develop a standard. Prior to 
that time no general guidance had been 
given to standardization policies, and 
committees were set up without ade- 
quate planning. 

The decision not to standardize is of- 
ten more important than a decision to 
set up a standard. Standardization of 
water works construction components 
is not now undertaken until the ma- 
terials have been used for a sufficient 
length of time to demonstrate their 
basic value. Such materials must be 
freely competitive and at least nation- 
ally available. Materials or processes 
which are held under noncompetitive 
patent control are not standardized. 
The growing area of standardization 
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gives promise of presenting some difh- 
cult decisions in the future relating to 
standardization or appraisal of the per- 
formance of equipment or processes 
competitively available but controlled 
by patents. 


Benefits of Standardization 


How has standardization benefited 
the water works industry? Perhaps 
the best expression of the purposes of 
an association such as this one is found 
in the words of Abel Wolman in his 
1930 report as chairman of the A.P. 
H.A. Committee on Research and 
Standards. In that report, Wolman 
said : 

A member of an association of national 
scope may justly expect it to perform for 
him two major functions. It should pro- 
vide for him an opportunity for exchange 
of information with fellow workers, and 
it should formulate standards of measure- 
ment in those fields where a uniform pro- 
cedure would facilitate efficient action. 


What matters are properly consid- 


ered for standardization? All will 
agree that the widely used construction 
components are such. Almost to the 
same extent, the methods of installation 
of basic materials are the subject of 
coordinated study and standardization. 
When the maintenance of certain types 
or classes of existing installations be- 
comes recognized as an industry-wide 
problem, the most acceptable and ef- 
fective procedure can be recorded in 
a recommended-practice document. Fi- 
nally, it is now recognized that there 
is a growing tendency to develop pro- 
cedural documents covering routine op- 
erations or even customer and public 
contacts. 

Between the standardization of basic 
materials and the procedural recom- 
mendations that relate to customer con 
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tacts there is a wide difference, involv- 
ing a shift from the tangible to the 
intangible, from materials susceptible 
to exact measurement or appraisal to 
procedures which can only be approxi- 
mately appraised by the general atti- 
tudes of the customers toward the util- 
ity. It is obviously far easier to reach 
a consensus concerning a material such 
as pipe than it is to reach a common 
viewpoint concerning the method of in- 
stalling it, and it is harder still to agree 
upon the best procedure to disinfect it, 
or when and how to make an inspection 
of it after it has been in service for a 
term of years. 

It has been wisely observed that 
standardization can tend to freeze prac- 
tice. In other words, if there is too 
complacent an acceptance of a stand- 
ard, there is danger that improvements 
in materials will not be sought or 
accepted, and this danger is greater 
when the standard covers procedures. 
The recognition of this danger is a 
brake upon precipitate ventures into 
areas of procedural standardization. 
It was the recognition of this fact that 
led A.W.W.A.’s Board of Directors 
to record so frankly with the U.S. 
Public Health Service its opinion that 
the latter's “Manual of Recommended 
Water Sanitation Practice” be released 
not as a standard nor as an official 
pronouncement, but as a simple record 
of opinions of a select committee of 
service personnel. 

The water works industry in conti- 
nental North America is made up of 
approximately 20,000 units which 
serve population groups ranging from 
a hundred persons to the millions who 
dwell in New York or the other great 
metropolitan centers. In any one of 
these properties, whether it be serving 
a hundred or a million persons, ma- 
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terials to build the distribution system 
can be puchased under A.W.W.A. 
standards. There are, in many of these 
properties, men in charge who have not 
had the opportunity to study engineer- 
ing materials and who are unable, on 
their own behalf, to describe in ac- 
curate and adequate terms what they 
consider to be needed for the plant they 
operate. But confusion equal to the 
Tower of Babel would result if even 10 
per cent of the water works properties 
insisted upon standards of their own. 

Thus the Association, through its 
years of study, evaluation and stand- 
ardization of the primary materials 
used in water works construction, has 
met two important, but somewhat op- 
posite, needs. It has, through the re- 
lease of minimum standards for pipe, 
valves, hydrants, meters and so forth, 
provided the local water works execu- 
tive with a set of yardsticks for him to 
apply to his purchases. It has assured 
him that a member manufacturer will 
in good faith provide material in ac- 
cordance with those standards when he 
is asked to do so. 

At the opposite point, the Associa- 
tion standards have reduced the num- 
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ber of special requirements which 
manufacturers may be called upon to 
meet. This in itself is an important 
factor, for multiplicity of design stand- 
ards is a costly luxury. Conformance 
to basic standards is the greatest econ- 
omy to the manufacturer, the engineer 
and the customer. 

The fact that the A.W.W.A. pro- 
vides an international meeting place for 
water works men to exchange ideas and 
increase their competency is a primary 
reason why the Association merits the 
participation of every man who con- 
siders himself a part of the water works 
industry. 

Through the years of past perform- 
ance and the advance of the Association 
into increasing activity in the stand- 
ardization of the industry's materials, it 
has rendered and will continue to ren- 
der to the industry and to the public a 
service of fundamental value, a service 
which no local or regional association 
can render with adequate authority and 
a service which is completely consistent 
with the American habit of reasoning 
together and developing an accord in 
political and economic, as well as engi- 
neering, matters. 
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What the State Health Department Expects From 
Licensed Water Works Operators 


By John M. Hepler 


A talk presented on Sept. 28, 1949, at the Michigan Section Meeting, 
Traverse City, Mich., by John M. Hepler, Director, Div. of Eng., State 


Dept. of Health, Lansing, Mich. 


EFORE we talk about the operator, 

I think we should say a few words 
about the health department and some 
of its primary responsibilities. Some- 
times we forget the fundamental pur- 
pose of the health department.  Pri- 
marily, it is charged with the overall 
duty of preventing disease, especially 
disease that kills. To accomplish this 
duty, the department requires a great 
many specially trained people—doctors, 
nurses, engineers, sanitarians, labora- 
tory and X-ray technicians, dentists, 
statisticians and others. In the early 
days the concern of these people was the 
prevention of contagious diseases. As 
a department, we worried about small- 
pox, diphtheria, scarlet fever, typhoid 
fever, whooping cough, mumps and 
measles. In the engineering division, 
our biggest concern was waterborne 
typhoid fever. One of my early and 
important duties was to visit typhoid 
fever patients to see if by any chance 
we could prove that it was not a public 
water supply that caused the outbreak. 
Another important duty was to get 
chlorination equipment established on 
the municipal supply. And right there 
is where the water works operator be- 
came a public health worker. The 
health department started to make you 
fellows realize that you had an impor- 
tant job to do, and that job was to main- 
tain chlorination treatment without in- 


98 


terruption every minute of every day in 
the year to prevent fatal disease. 

Naturally, others worked on these 
problems as well as the water works op- 
erator and the engineer in the health 
department. Vaccines, antitoxins and 
serums were developed, and many com- 
municable diseases have now become 
insignificant in our lives. Today the 
leading causes of death, and the ones 
which are worrying the health depart- 
ments, are the diseases of old age— 
heart disease, cancer, nephritis and so 
on. That reminds me of a suggestion 
which the Director of the Disease 
Control Division made—if any of you 
are worrying about dying of cancer or 
heart disease, go back to the old system 
and get yourself a good case of typhoid 
fever and you won't have to worry 
about the heart or the cancerous condi- 
tion. In former times the life expec- 
tancy was only about 50 years, whereas 
today it is nearly 70 and we must expect 
the diseases of old age rather than the 
diseases of youth or middle age to cut 
us down. 

It might be mentioned at this point, 
also, that, as new duties or new meth- 
ods of attacking disease appeared, re- 
organization of the attacking forces had 
to be made. You will remember that 
back in the 1920's Bill Hirn looked after 
water plants, while in the 1930's both 
Ray Faust and I were assigned to that 


| 
i 
if 
H 
4 


January 1950 


work because, as more plants were 
built and more problems arose, more 
men were needed. It was in that pe- 
riod, also, that we started establishing 
the county and district health depart- 
ments which provided public health en- 
gineers and sanitarians to assist us in 
our sanitation work. In the 1940's it 
became necessary to create a division 
or section which gave its entire time 
to water and problems connected with 
it. We also enlisted the services of 
the county health department sanitation 
personnel for obtaining samples on the 
distribution system as a check against 
contamination from back siphonage and 
cross connections. 


Environmental Sanitation 


As previously indicated, the function 
of the state health department is to co- 
ordinate and direct all of the activities 
of all agencies which are working for 
the improvement of health. The func- 
tion of any division of the department 
is to do that part of the job for which it 
is best fitted. Consequently, in the 
division of engineering, our activities 
are related to those things which have 
an engineering aspect—chiefly environ- 
mental sanitation. 

I wonder if you appreciate how much 
that term “environmental sanitation” 
really includes. When you look at the 
activities of a health department, there 
are two well defined fields of work. 
In one, the activity deals entirely with 
the individual. It involves the func- 
tions of the doctors, the nurses and sim- 
ilar professions. In the other field, 
there is the problem of getting every- 
thing around the individual in such 
condition that it will not harm him. 
This includes water supply, sewage, 
garbage and refuse disposal, air pol- 
lution, the effects of insects and ro- 
dents, housing, ventilation, lighting and 
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all the other conditions around us which 
might affect our health. As you study 
that list, you will see that almost al- 
ways engineering is involved. 

Since water is one of the items in 
environmental sanitation, it becomes 
the division of engineering’s duty to 
coordinate and direct the activities re- 
lated to supplying a potable, palatable, 
safe-to-drink, safe-to-swim-in, safe-to- 
use water supply. And that brings us 
to you fellows—the operators of water 
plants. 

From the health department's view- 
point, you are a health worker in a 
specialized field. Your main job is to 
safeguard health as far as water is con- 
cerned. From the standpoint of your 
job, you are in a peculiar position, for 
you have two bosses—the city officials 
and the state health department. There 
were times when that condition created 
awkward situations. Certification has 
corrected a great deal of the difficulty, 
however. Today technical control rests 
with the operator, and the methods 
and effectiveness of control are the 
concern of the state health department. 
Policies and fundamental procedures 
have to be discussed with the city of- 
ficials. 


Need for Coordination 


Just as the state tries to coordinate 
the work of all agencies in the public 
health field, so we would like to see 
all of the agencies interested in water 
We would 
like to see cooperation and close liaison 
with the public works department, the 
local health department, if there is one, 
the county or district health depart- 
ment, and the building, plumbing, fire 
and any other department that in one 
way or another has some function re- 
lated to the handling of the water you 
are producing. 
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I do not mean that either the opera- 
tor or the representatives of any of the 
other departments which I have men- 
tioned has to be the “boss,” but there 
should be close liaison between you and 
those departments, and it should be 
well understood that you have the right 
and the privilege to ask questions and 
to be interested in the things they do 
which might affect the quality of the 
water you are producing. Conversely, 
they should know where to turn for the 
type of help which you can give. In 
other words, in my opinion, the licensed 
operator has not only a plant to run 
and a product to furnish but also the re 
sponsibility of seeing that others whose 
job involves handling or working with 
his product do not spoil it or destroy 
its quality. Very definitely the day is 
past when the operator’s interest ends 
at the pump discharge. 

Not long ago the U.S. Public Health 
Service brought out a proposed stand- 
ard in which it tried to demonstrate 
that the water department's interest ex- 
tended to the consumer's faucet. The 
principle was sound, but there were 
very definite legal objections. There 
is no reason, however, to take a defeat- 
ist attitude because the water depart- 
ment cannot exercise jurisdiction up 
to the consumer's faucet. There are 
other ways in which this objective can 
be accomplished. With proper liaison, 
the plumbing or building department 
can handle the situation within the 
private home or building and see that 
your product is not ruined at that point, 
provided, of course, they know what 
you want and what they should look for 
and require. 

What you should be doing, in ad- 
dition to producing a safe and adequate 
water supply, is to keep informed on 
where and how mains are being in- 
stalled ; where new commercial and in- 
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dustrial users are being connected ; 
what old as well as new commercial 
and industrial users are doing with wa- 
ter ; what private supplies are connected 
to your system; what treatment for 
commercial uses is being given to your 
supply after it leaves your plant; and 
whether another municipal department 
or an industry is taking action which 
might change the quantity or quality of 
the supply. 

To do these things, you first must 
have an understanding of the total 
problem ; second, you must inject your 
interest into the water picture; and 
third, you must develop the idea of 
cooperation so that you can get assist- 
ance from the other agencies. You cer- 
tainly cannot expect to get all this in- 
formation or do all these things your- 
self. 


Local Health Officers 


A question arises concerning the 
place of the county or district health de- 
partment engineer or sanitarian in this 
water picture. Primarily, his interest 
is in the quality of the water as the con- 
sumer gets it. His interest is not one 
of process or treatment; in fact, we 
have told him to leave that phase of the 
water supply alone. We have specifi- 
cally said that, f»r the time at least, he 
should know in a general way the proc- 
esses that are being used in the treat- 
ment plant, but he is not supposed to 
come into the plant and tell you to add 
more chlorine because he has had a 
few bad tests, or to reduce it because he 
has had an odor or taste complaint, or 
to make any other suggestions of a 
strictly technical nature. His interest 
is in the delivery system, in the quality 
of the water in the mains. Since the 
U.S. Public Health Service “Drinking 
Water Standards” recommend a spe- 
cific number of samples to be taken 
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from the distribution system, it has 
been suggested that the local health 
department officer collect those samples 
or supplement the number of samples 
which you are collecting as a check 
and as a means of discovering things 
happening on the distribution system 
which you might otherwise never hear 
about. If he gets bad samples, it is his 
duty to question why they are bad and 
to try, with your cooperation, to get the 
trouble corrected. 

If he renders service in a municipality 
which does not have a public water 
supply, his duty is to try to get it. He 
is expected to promote interest in and 
construction of a public water supply. 
In the meantime his interest lies in the 
private supplies which are distributed to 
the individual homes, mercantile estab- 
lishments and, particularly, the places 
where people are employed or served. 
This means that he has a very close re- 
lationship with both well drillers and 
plumbers. He is a fellow whom you 
should know well and be on friendly 
terms with, as his presence in the com- 
munity gives you another method of 
approach to the problem you might 
want to solve. 

Similarly, the local health officer has 
a rather close relationship with the 
public as individuals and with public 
officials. Some of the latter may be 
your employers. The health officer 
may even be the means for you to ob- 
tain a back-door entrance when you 
cannot get in through the front. One 
of his important duties has been to get 
the public thinking in terms of water 
quality. He will take a sample for any- 
body, send it to the laboratory for anal- 
ysis and report the results to the indi- 
vidual. If the sample is from a well 
supply and the test result is unsatis- 
factory, the health officer will make 
a point of calling on the owner of 
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that supply and offering suggestions 
for its correction and improvement. 
When it comes time to promote a pub- 
lic supply or when it may be necessary 
to have some assistance in explaining 
a condition in your water supply, who 
would be a better man to call upon 
for help than the county or district 
health department engineer or sanitar- 
ian ? 

Should water works operators make 
analyses for individuals who bring sam- 
ples to the plant? Primarily, that is a 
question of policy. If the policy is 
simply based on currying favor with a 
voter, however, it is worthless. If you 
feel that the analysis may help to im- 
prove a bad situation in a part of the 
town where your supply has not as yet 
been delivered, it can be good policy. 
I believe, however, that, if it is done, it 
at least should be done in conformity 
with the plan and procedure recom- 
mended by the state health depart- 
ment. Remember that when you have 
completed the test you are only telling 
the individual what the quality of the 
water was at the time he took the sam- 
ple. If the water contained disease or- 
ganisms, the individual would know 
it long before you told him. For this 
reason, we feel that running a sample 
is of very little value unless you can 
render a service in connection with the 
reporting of the analysis. A portion of 
the public still needs to learn that a 
“safe” report does not mean that the 
supply is safe henceforth and forever- 
more, but only that it was safe at the 
moment the sample was taken and that, 
unless other conditions related to the 
supply are right, it can become an un- 
safe supply at any time. 


Obligations of Operators 
These are some of the responsibili- 
ties which I believe rest upon your 
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shoulders. These are some of the 
things we would like to see you do. | 
cannot believe that, when you obtain 
your operator's certificate and take over 
the operation of a treatment plant, you 
are fulfilling the obligations either to 
yourself or to your employer if you 
just settle down to running a plant and 
make no effort to improve your posi- 
tion. And when I say “improve your 
position,” I do not mean needle the 
city fathers occasionally to raise your 
salary a few hundred dollars a year. 
You are holding down a responsible 
position in the city government. You 
are responsible for the health of the 
people as related to their water supply. 
You have the obligation not only to 
keep faith with those who employ you 
and with those who are supervising 
your work but often, particularly in 
small towns, you have the obligation to 
show your worth as well. Many small 
towns need improved management in 
their water works departments. They 
need better bookkeeping, better meter 
maintenance, better supervision § of 
service connections and main laying. 
As a member of this Association, you 
have access to the best reference and 
educational material that is available in 
the water works field. If you are not 
using that information and are not 
showing in various ways that you have 
the qualifications for a more important 
place in the water department, you are 
dead on your feet already. I could 
point out one man in this room right 
now who had neither a college educa- 
tion nor a good working knowledge of 
chemistry or bacteriology, but who did 
have an idea. Today he not only op 
erates the water plant but is what you 
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might call the manager and the super- 
intendent of the water department. He 
supervises the installation of main ex- 
tensions and the making of house serv- 
ice connections. He issues the water 
bills and collects the money paid. He 
is the purchasing agent for the water 
department. That man has made him- 
self an important individual in the com- 
munity. He has not had to move out 
of the community to improve his con- 
dition, financially or otherwise. There 
are others in this room who could do 
the same thing. 

What I have said so far is not a com- 
plete catalog of all the things which a 
health department expects from a li- 
censed operator, but I believe that you 
will have a pretty good idea of what 
we expect from each one of you, regard- 
less of the official title of your position. 
To sum it up, I might express it this 
way: We expect you to be more than 
just an operator. We expect you to 
be a public health “official.” We ex- 
pect you to be a consultant or adviser 
to other departments exercising au- 
thority in the delivery or use of your 
supply. We expect you to be an im- 
portant individual in your community 
and one whom the public will look upon 
as so important to the protection of 
their health and their financial invest- 
ment in the system that, even though a 
new administration comes into office, it 
will not risk firing you, because it 


knows the public would not stand for 
it. We have several men in this organ- 
ization who have already attained that 
To the 


others I would say, “Go, and do like- 


stature in their communities. 


wise.” 
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The State Board of HealthSand Public Water 
Supplies 
By Arthur N. Beck 


A paper presented on Oct. 20, 1949, at the Alabama-Mississippi Section 
Meeting, Jackson, Miss., by Arthur N. Beck, Chief San. Engr. & Di- 
rector, Bureau of Sanitation, State Health Dept., Montgomery, Ala. 


ie 1914, when the Bureau of Sanita- 
tation of the Alabama Health Dept. 
was organized, outbreaks of typhoid 
fever in towns and cities of the state 
were an annual occurrence and were 
accepted more or less as a matter of 
course. From 1914 until about 1924 
the work of the bureau’s engineers was 
no easy task. They were, in general, 
given little consideration and coopera- 
tion, possibly because of reluctance to 
accept new ideas and also doubt of 
the need of sanitary measures. A sell- 
ing job had to be accomplished so that 
water works management and the bu- 
reau could work together to a com- 
mon end. During the formative pe- 
riod of the bureau, definite policies 
were established which have been car- 
ried through to the present day. The 
soundness of these policies has been 
proved, as manifested by the genial 
feeling that exists between men in the 
two fields of operations, so widely dif- 
ferent and yet so closely related. 
Early in the program of water works 
control by the health department, its 
limitations were fully realized and yet 
the responsibilities could not be over- 
looked. Engineers having a_back- 


ground in water supply and a know!l- 
edge of the fundamentals of sanitation 
were chosen to work on water supply 
They contacted water works 


control. 
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officials and offered every aid possible 
in solving the many problems that ex- 
isted. The program was advisory 
rather than regulatory. Improvements 
to water supplies came, at first, at a 
slower rate perhaps than if other 
methods had been employed, but a feei- 
ing of confidence was gained by pro- 
ceeding along the lines of offering con- 
structive aid. This practice has worked 
to the advantage of both the health 
department and the operator and ul- 
timately of the people served. 


Operators’ Responsibilities 


The production of a safe water for 
human consumption is a responsibility 
of the community and one that is defi- 
nitely a public health activity. Pri- 
marily, the water works operator is 
responsible for the production and the 
delivery of a safe and wholesome water 
at all times. The nature of his service 
places the water works operator in an 
entirely different category from other 
community employees, for the entire 
community is dependent upon him for 
health and happiness. Should he fail 
to live up to these responsibilities, 
disaster may result. Throughout his 
career, the water works man, whether 
he is a shift operator or a utility mana- 
ger, is morally obligated and duty 
bound to deliver a quality product. 
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The construction and operation of 
water works are expensive. A mass 
of equipment must necessarily be in- 
corporated in the plants and a con- 
siderable number of workers must be 
employed to produce desired results. 
Equipment should be operated in a 
manner consistent with the end-product 
desired or the end-product obtainable. 
It is the duty of water works manage- 
ment to operate each piece of equip- 
ment in the most efficient way and to 
maintain all parts of the water works 
to assure long life and good service. 

The keeping of proper and adequate 
records is a most important function 
of water works management. No busi- 
ness can be efficient unless its books are 
inorder. The water utility is no excep- 
tion, for without question it is business, 
and big business. There are times 
when revisions of rate structures are 
necessary, plant expansions are needed 
and new equipment is essential. In all 
instances, adequate and up-to-date rec- 
ords are of prime importance. 

The many ramifications of water 
works management and operation clas- 
sify the work as a profession rather 
than as a skill or trade. A profession 
carries with it both individual and col- 
lective responsibilities. If these re- 
sponsibilities are accepted, those en- 
gaged in the field must become fully 
informed regarding all phases of each 
particular operation. It is the duty of 
water works personnel to keep abreast 
of the times and be ever on the alert 
to adopt new ideas and developments 
for better service to the community. 

A great deal has appeared in the 
literature of the past few years regard- 
ing public relations. The responsibili- 
ties for this activity should not be 
Water works 


passed over too lightly 
men are prone to bury themselves in 
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their work, forgetting to keep the pub- 
lic apprised of their activities, problems 
and services rendered. A good public 
relations program will undoubtedly pay 
dividends. 


Health Department Functions 


The relationship between the health 
department and water works manage- 
ment must, of necessity, be one of com- 
plete understanding in order that the 
common goal of the continued produc- 
tion of an adequate and safe water may 
be achieved. It must be remembered 
that the sole responsibility of the health 
department, legally and morally, is to 
insure the production and delivery of 
a reasonably safe and adequate supply 
of water at all times. To achieve an 
objective, particularly one planned over 
an extended length of time, it is essen- 
tial that rules be adopted and adhered 
to, whether by law or by regulations of 
the responsible organization. It is un- 
der these laws and regulations that 
health departments must operate. 

In Alabama, the state board of 
health is charged by legislative act 
with general supervision and control 
over all public water supplies and water 
works in the state, in so far as pu- 
rity, potability, wholesomeness and 
physical quality are concerned. This 
responsibility is met by the inspection 
of water supplies at regular intervals 
and by working very closely with the 
water works officials to insure a whole- 
some and high-quality product.  In- 
spection of water works facilities and 
consultation with the authorities lead 
also to securing necessary improve- 
ments. 

Bacteriological examination of water 
samples for coliform organisms is the 
accepted method at present for deter- 
mining whether a water is safe. In 
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some states, the health department col- 
lects samples from each of the public 
water supplies for bacteriological anal- 
ysis. In Alabama, however, the re- 
sponsibility for collecting samples and 
delivering them to the laboratory of 
the state board of health rests on the 
owners of the public supply Samples 
from each supply are requested monthly 
as a minimum. These are collected 
from the treatment plants as well as 
at points on the distribution system. 
In the early days of public water sup- 
ply control, very little attention was 
given to the water after it had left the 
plant. Entire distribution systems have 
been installed and main extensions 
have frequently been made without 
giving thought to cleaning the barrel 
and adequately disinfecting the inside 
surface of the pipe before placing it 
in service. It is agreed that water 
works officials should concern them- 


selves with the quality of the water de- 


livered to the consumer's tap and not 
merely with the quality of the water as 
it leaves the plant. It is the recom- 
mendation of the state health depart- 
ment that all mains be adequately 
chlorinated in accordance with A.W. 
W.A. standard procedures before being 
placed in service. In the author’s 
opinion, bacteriological analyses of 
samples at representative points on the 
distribution system should be made be- 
fore offering the water to the con- 
sumers. 

As part of the control of public wa- 
ter supplies, the Alabama State Board 
of Health is charged with the duty of 
inspecting proposed sites for water 
supply development and checking plans 
and specifications of new water works 
facilities, as well as of proposed water 
works improvements. This activity is 
necessary if the engineers of the health 
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department are to safeguard properly 
the water supplies and the communi- 
ties which they serve. The depart- 
ment engineers must be kept fully in- 
formed of any changes made in a 
supply so that correlations may be 
established between the physical equip- 
ment and the sanitary quality of the 
water produced. Plans and specifica- 
tions submitted to the department are 
checked as to layouts and equipment 
involved, but not structurally. These 
engineers are in a position to give con- 
structive advice to the water works 
personnel as well as to the consulting 
engineer engaged in the actual design 
and construction. 


Permit Requirements 


Before any water supply in Alabama 
can be used to furnish water for the 
public, a permit must be obtained from 
the state board of health. Prior to is- 
suing a permit for operating a public 
water supply, the state health depart- 
ment has the duty to determine, as a 
fact, that the water being supplied or to 
be supplied is such that, under all cir- 
cumstances and conditions, it is pure, 
wholesome and potable and does not 
endanger the life or health of human 
beings. The permits are revocable or 
subject to suspension by the board at 
any time it shall determine that the 
water being supplied is, or is in danger 
of becoming, unable to meet these 
qualifications. This charge placed upon 
the state health department by the peo- 
ple of Alabama is a grave responsibil- 
ity and one that has been accepted 


. conscientiously during the past years. 


The act setting forth the responsi- 
bilities of the Alabama Board of 
Health also includes, among other 
items, methods of proceeding against 
owners of public water supplies who 
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violate its provisions. Although the 
water law has been a part of the Ala- 
hama code for many years, it has never 
been invoked by the state board of 
health. It has always been the policy 
of the health department engineers to 
work very closely with the responsible 
officials of public water supplies in or- 
der to secure needed improvements and 
corrections, particularly where the com- 
munity health was endangered. Per- 
suasive methods are used rather than 
legal citations. Reports of inspection 
of public water supplies by the depart- 
ment’s engineers carry recommenda- 
tions for improvements. These recom- 
mendations become an order only when 
it is sincerely felt that the corrections 
are absolutely needed for the protec- 
tion of the people’s health and all other 
methods have been exhausted. 


Record of Achievement 


Having spoken of responsibilities, it 
is appropriate to examine the record 
of achievement. Typhoid fever sta- 


ARTHUR N. 


BECK Jour. AWWA 
tistics provide a good example. The 
typhoid rate was about 38 per 100,000 
in 1917, with a total of 895 deaths. 
Today the typhoid rate is about 0.2 
per 100,000, with 6 deaths. The 314 
public water systems, together with 
sewerage and pit privy installations, 
serving one-half of the state’s popula- 
tion cannot claim all the credit for this 
phenomenal reduction, but they have 
played their part. It is gratifying to 
know that not one single case of ty- 
phoid fever has been traced to a public 
water supply in Alabama since 1923, 
over a quarter of a century. The 
growth of public water supplies in the 
smaller communities unquestionably 
has played a large part in the reduction 
of this dread disease. 

There is no doubt that operators of 
public water supplies have done an ex- 
cellent job. Their conscientiousness 
and willingness to receive new ideas 
and methods, and the cooperation of 
government officials, have been impor- 
tant factors in obtaining better and 
more efficient operation. 


Comments 


Comments or suggestions on 


on Glossary 


the recently published Glossary— 
Water and Sewage Control Engineering will be very much appreciated. 


No revision is contemplated at present, but letters on this subject sent 
to the Association’s office will be filed until such time as the Editorial 
Committee begins preparation of the next edition. 
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That the New Year finds us “contented” is, of course, obvious ; that 
it finds us also content is perhaps less so, but if you’d ever seen us scrounge 
for suitable cover pictures you wouldn’t be too surprised. At any rate, we 
want to take the occasion of a new “majority” cover to thank all of you who 
were good enough to give us counsel on the matter. You have yourselves 
to thank, too, for the more legible type on the backbone. As for the new 
hue, that should help you tell this year from last. As a matter of fact, 


looking at the present condition of our own backyard, we can express the 
hope that 1950 will be a green year in more ways than this. 


New York’s current water supply crisis may well be the price its 
people are paying for political detouring of long-range planning and busi- 
nesslike management. Even granting that the war had a lot to do with 
postponing additional capacity and that the rainfall deficiency has been 
catastrophic in its effects, not only upon New York’s supply, but upon 
those of neighboring communities whose utilities have had the best in 
administration, the facts of New York’s water supply history now being 
uncovered are indicative of political leaks far more serious in their con- 
sequence than physical ones, and painful now to repair. All in all, it’s 
a sad story and one that’s becoming more difficult to smile about with each 
sunny day. 

What was recently passed off as an inconvenient rainlessness has at 
this early December date become a major emergency, which may well, with 
each daily dwindle of an only 60-day supply, become much worse. Thus, 
more than just a filler for a dull day, water supply has suddenly become 
top priority news, worth at least one front-page headline a day in every 
metropolitan daily, one strident story in every radio newscast—worth even 
a lion’s share of subway sentiment, usually reserved for such vital public 
issues as Joe DiMaggio’s batting average. Only trouble is, the news is 


(Continued on page 2) 
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(Continued from page 1) 
bad and an at-last-water-conscious public is characteristically concerned 
most with its own conversation and its neighbor’s conservation. 

Whatever else results from the voluntary conservation now being en- 
joined and entreated by every means of public communication, whatever 
else results from the desperation tactics being employed by municipal 
authorities, the unprecedented publicity campaign has already been of 
inestimable value in making the public conscious of the fact that there 
is a water supply problem. Campaigns such as that of the New York 
Times, which, in boldface fillers on almost every page, gives advice on dish- 
washing, leak stopping, taking baths, cooling drinking water, shaving, laun- 
dering and a host of other household pursuits in which water can be con- 
served, have undoubtedly contributed much toward the savings already 
realized.* The series of front-page conservation suggestions in the New 
York Sun and similar public service messages in other newspapers can- 
not help but help. As for stories, articles, features and editorials, our 
office has become a veritable clip joint, which is fast taking on the appear- 
ance of lower Broadway after the Eisenhower welcome. In no uncertain 
terms, New Yorkers and their neighbors have water on the brain—a dis- 
order we can hope will not be forgotten with the alleviation of the tem- 
porary emergency which caused it. 

Even if the current water shortage lesson isn’t permanently learned by 
the public, however, it should make a lasting impression on the minds of the 
water works men involved. And perhaps that impression will soon result 
in the kind of concerted attack on fundamental difficulties which has re- 
solved other basic shortcomings in the field. Even now water works men 
are talking about the desirability of having the state take over responsibility 
for the development and allocation of its own water resources, with the idea 
of making possible an integrated program of exploitation and conservation. 
And, short of that, others see in the present emergency a lever by which 
they can pry loose the funds necessary to provide adequate reserves for 
future emergencies. 

Currently, Britain, France, Switzerland and South Africa in addition 
to parts of Canada, New England and, of course, California have been suf- 
fering unprecedented drydom. Where next, or when, drought will strike 
is as difficult to predict as tomorrow’s weather ; but that it will strike and 
that it will wreak havoc when it does, unless water works men are ade- 
quately prepared for it, is as certain as yesterday’s. And much as you, too, 


* As of this proofreading a waterless Friday has just set New York consumption 
for the day back some 21 years. And if the unwashed and unshaven metropolites 
seemed more of 1933 than of 1929 vintage, at least they proved that voluntary conser- 
vation can be surprisingly effective if properly “sold.” For more than purely aesthetic 
reasons, however, we'd prefer to see, and otherwise sense, New Yorkers showered, 
shaved and otherwise well watered, but unwasteful. 


(Continued on page 4) 
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Economy Double Suction Pumps meet your needs ... for 

res any volume. More than 1500 models designed for every 

drive assure you the right pump for your requirements — 
these advantages: 


1. Complete rotor may be removed without exposing bearings 
which are enclosed in removable cartridges. 
2. Shaft sleeves sealed to prevent leakage between sleeve and 
shoft. 
. Modern hydraulic design. 
. Flanged wearing rings “‘L" shaped, inward flow. 
. All parts made to limit gauges for interchangeability. 
. Unusually effective water seals. 
. No threads in center of shaft to start fatigue failure. 
8. Large wells for lubrication with flushout for old lubricant. 


For full details write Dept. AG-1 for Catalog 1147-A. 
Centrifugal, axial and mixed flow pumps for all applications. 
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may have longed for the kind of public consciousness of water supply now 
rampant in New York, believe us, it ain’t worth the price of the shortage. 

Anyway, New England won't have to worry any more. Abe Weather- 
wise of the Old Farmer's Almanac has predicted the kind of “wet winter” 
we've all been looking for. Thus, for New England we can predict and for 
the rest of the world we can wish a Happy New Year. 


Postscripting the conservation cause, at second hand we can report 
that television, too, has hopped aboard the water wagon—happily not with 
a demonstration of the type of wastefulness we’ve been exhorted to avoid. 
It has been radio, though, that has brought the message home, not only 
with appropriate messages every hour on the hour, timed to our expected 
‘singing commercial” 


activities, but with an excruciating adaptation of the 
that will make us all happy when the emergency is over. Never one to 
turn up our nose at a million dollars worth of free publicity, we've even 
managed to swallow our aesthetic instincts long enough to render equally 
unmusically the most metrical of apparently innumerable verses : 


Oh! The New York supply of H.O 

Has reached a point where it’s very, very low— 

So don't waste water when you take a bath or shave, 
Just turn off the tap and save! save! save! 


How next our saving will be sold is difficult to imagine, but we'll not be too 
surprised if our harassed Mayor O’Dwyer sends each of us 8,000,000 wasters, 
one of those inescapable “singing telegrams,” rent to the tune of the “Hyena 
Harangue.” We'll no doubt deserve it. 


Studies of water pollution by industrial wastes have received federal 
aid grants amounting to $891,487 through the U.S. Public Health Service 
under the 1948 Water Pollution Control Act. The grants have been made 
to 45 states (Arkansas, California and Virginia have not yet applied), 4 
territories and the District of Columbia, and five interstate river basin 


agencies. 


A conference on polluted irrigation waters is to be held in El Paso, 


Tex., on January 27. Under the joint sponsorship of the Public Health 
Service, El Paso and Texas health departments, the program will be devoted 


to discussions of such topics as the contamination of irrigation waters, the 
use of waste water and present standards for irrigation water. Inquiries 
should be addressed to Irving Gerring, Exec. Secy., Environmental Health 
Study Sec., Div. of Research Grants & Fellowships, National Institutes of 
Health, Bethesda 14, Md. 


(Continued on page 6) 
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ALCOA Sodium Fluoride, like all 
other Alcoa Chemicals, has a uni- 
form high degree of purity. It may 
be used with confidence for the flu- 
oridation of water supplies. ALCOA 
Sodium Fluoride flows freely . . . is 
easy to handle . . . dissolves at a 
uniform rate. Besides that, ALCOA 
is a dependable source of supply. 


SODIUM FLUORIDE 


HIGH PURITY 
ALCOA 


FOR THE 
FLUORIDATION 
OF 
WATER 


If your community is fluoridating 
its water supply is considering 
doing so—et us discuss with you 
the properties of ALCOA Sodium 
Fluoride that make it particularly 
suitable for your use. Write to 
AtumiINUM Company OF AMERICA, 
Cuemicats Diviston, 624 Gulf 
Bldg., Pittsburgh 19, Pennsylvania. 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS + CALCINED ALUMINAS + HYDRATED 
ALUMINAS ¢ TABULAR ALUMINAS + LOW SODA ALUMINAS 
ALUMINUM FLUORIDE + SODIUM FLUORIDE + SODIUM 
ACID FLUORIDE * FLUOBORIC ACID + CRYOLITE + GALLIUM 
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George H. Fenkell, A.\W.W.A. Honorary Member and former Presi- 
dent (1931), died on November 8, at the age of 76. He had earned wide 
acclaim through his services to the city of Detroit—as engineer, as Com- 
missioner of Public Works, and for 20 years, until his retirement in 1938, 
as general manager of the Water Dept. In the course of those 20 years 
alone, the population of Detroit doubled, the water system was 99 per cent 
metered, the operations of the department were completely mechanized, 
what was in 1923 the world’s largest filtration plant was designed and built, 
and a new source of supply was acquired to meet the needs of the growing 
city. 


William I. Klein, noted consultant and life member of A.W.W.A., 
died on November 30 at St. Mary’s Hospital, Orange, N.]., after a month’s 
illness. He was 75. 

The wide scope of his career had included consulting services on water 
supply and sewage problems to leading municipalities in 25 states and 
a number of countries in Europe and Asia. He participated in some of the 
first tests conducted on the sterilization of water with chlorine. During 
World Wars I and II he served as a civilian engineer working on sanitary 
problems at military installations, and he also helped develop a portable 
water treatment plant for use overseas during the first war. 


“The Examination of Waters and Water Supplies,” a standard 
British reference work for over 40 years, has received its sixth edition by 
Edwin Windle Taylor, deputy director of water examination for the London 
Metropolitan Water Board. The book is being distributed in the United 
States by the Blakiston Co., Philadelphia, and is priced at $12. In its 819 
pages are included sections on analytical processes, the relation of geologic 
origin to the character of water, results and standards for sample analysis, 
waterborne diseases, and water treatment and purification. 


(Continued on page 8) 


If you want... O two corrosion problems are exactly 
PROTECTION alike — that’s one reason stereotyped 
not just... solutions won’t work. Cathodic protection, 
Cathodic Protection Equipment properly engineered and applied,is eco- 
a RUST-PROOFING nomical, effective and practical. E.R.P. 
offers preliminary engineering, design, 
equipment and installation services for an individual solution to each particular 
problem. For data on cathodic protection of structures from pipe lines to ele- 
vated tanks, call on E.R.P. without obligation. 


ELECTRO RUST-PROOFING CORP.,(N. J.) 


BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES 
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moc WWATER WORKS 
Hays Corporation Stop with 

PRODUCTS 

AYS Manufacturing Company is one of the 

largest making a complete line of water ser- 

vice products, and for 80 years has enjoyed the 

prestige earned by unremitting insistence upon 

high quality. The HAYS line of fittings and other 


CATALOG No. 5622 products is famous throughout the world for easy 
Hays Tee for copper to cop- installation and a long life of trouble-free service. 


per to copper connection. 

All HAYS water works fittings are interchange- 
able with those of other manufacturers and cor- 
poration stops can be installed with any standard 
tapping machine equipment. They are made of 
highest quality 85-5-5-5 bronze, plugs are ground 
for perfect fit, specially lubricated for permanent 

CATALOG Ne. 9080 easy turning, and hydrostatically tested at 200 
Hays Curb Step for iron pipe pounds or more. Write for the new HAYS catalog 
to copper service connection. showing the complete HAYS line of water works 

products. 


CATALOG No. 5628 CATALOG No. 5610 CATALOG No. 5605 
Hays Elbow for Male iron Hays Two Part Union for cop- Hoys Coupling for Male iron 
pipe to copper connection. per to copper connection. pipe to copper connection 


COPPER BRASS LEAD IRON 


WATER WORKS PRODUCTS. 
~ HAYS MANUFACTURING CO., ERIE, PA. 
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A microfilm edition of the Journal has been arranged for by contract 
with University Microfilms, Ann Arbor, Mich., and will be made available 
to regular subscribers to the JoURNAL at an estimated price which will be 
approximately equal to the cost of binding. Libraries which subscribe to 
the new service will receive the microfilm record for the entire year— 
beginning with 1949—-after the December issue has appeared. In the mean- 
time, and for as long a period as demand warrants, the paper copies of the 
Journal are kept on the shelves unbound. At the expiration of the period 
of maximum use—which varies from library to library—the worn paper 
copies may be discarded and the microfilm edition substituted. The idea is 
that by eliminating the permanent binding of Journals, obtaining the micro- 
film edition will entail no new expense to libraries and will save about 94 
per cent of their mounting space and storage costs. 

Subscriptions for the microfilm edition should be sent directly to Uni- 
versity Microfilms. That organization will accept no orders, however, 
except from regular subscribers to the paper edition of the journals it 
microfilms. Suggestions for viewing equipment and discounts on their 
purchase are also available from the firm. 


Carl A. Hechmer, department engineer 
for the Washington Suburban Sanitary Com- 
mission, Hyattsville, Md., and A.W.W.A. Di- 
rector from the Chesapeake Section, died on 
November 23 after a brief illness. 

He had been engaged in sanitary engineer- 
ing for 35 of his 54 years, having been asso- 
ciated with the Baltimore water department 
and the Maryland Health Dept. before joining 
the commission staff in 1918. 

In 1919 he joined the Association and his 
many activities include membership in the Pub- 
lication Committee, the Committee on Conven- 

tion Publicity and the committee on the accounting Manual. He has also 
been Chairman of the Plant Management and Operation Div. and has 
served as Trustee, Chairman and Secretary-Treasurer of the old Four 
States Section, from which he received the Fuller Award in 1940, 


The Proceedings of the International Water Supply Association's 
First General Assembly and Congress, held at Amsterdam, 1949, are being 
published. A limited number of copies, beyond those reserved before 
publication, may be obtained from the Secretary General of I.W.S.A. at 
34 Park St., London, W.1, England, at a price to be announced. 


(Continued on page 10) 
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Water Hardness Tests 
in one minute 


Calcium 
or total 
hardness 


to 1 ppm 
CaCO, 


Precise, rapid determination of either tota/ 
hardness or of calcium is now possible with 
revolutionary new methods. Magnesium is 
determined from the difference between 
total hardness and calcium. 

Total hardness is measured by means of 
the Schwarzenbach method as adapted for 
convenient field use by Hall Laboratories, 
Inc. Instead of the tedious technique of the 
soap test or the uncertainties of other pro- 
cedures, this method involves a simple direct 
titration with a sequestering reagent to a 
change in color of a special indicator. This 
color change is definite so that the end point 
is readily detected. interferences are easily 
eliminated. 

The test for calcium is similarly a direct 
titration to the color change of another in- 
dicator. No complicated heating, waiting, 
filtering, or estimating is required. The 
answer, correct to less than 1 ppm of cal- 
cium, can be found in a minute. 


For information concerning these tests and the re- 
agents used in them, write to Calgon, Inc. The 
coupon below is supplied for your convenience. 


| 


Please send full information concerning the tests for total hardness 


CALGON, INC. 
HAGAN BUILDING 
PITTSBURGH 30, PA. 
and calcium in water. 
Name 

Position 

Company 


Street and Number 
City 


HAGAN 
HALL 


BUROMIN 
CALGON 


Zone State 


HAGAN CORPORATION | 30, PA 
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A “Specification Index of Construction Items and Materials” has 
been compiled by Allen V. Rothermel for the use of architects, engineers : 
and specification writers. The 69-page pamphlet includes a listing of 
standards of A.S.T.M., A.S.A., government specifications and specifications 
of other organizations. A.W.W.A. standards are included to the extent 
that they cover construction items, although some omissions and inconsisten- 
cies may be found. Copies may be obtained from the author, Camp Hill, 
Pa., at $2.50 each. 


Hazards of chlorine dioxide use are documented and appropriate 
safety procedures recommended in Research Report No. 7 of the National 
Board of Fire Underwriters, 85 John St., New York 7, N.Y. Entitled 
“Precautionary Fire and Explosion Safeguards in the Use of Chlorine Di- 
oxide for Industrial Bleaching,” the 24-page booklet describes typical meth- 
ods of generating CIO, from sodium chlorite and chlorine and discusses the 
necessary safety measures that should be taken to avoid explosion and 
contamination dangers. Copies are available on request from NBFU. 


John S. Longwell has retired as chief engineer and general manager 
of the East Bay Municipal Utility Dist. after having served in that capacity 
for the past 15 years. He first joined the staff of the district as division 
engineer in 1924, about a year after it had been organized to serve Oakland, 
Berkeley, and the other Alameda and Contra Costa communities in Cali- 
fornia. Previously he had been with the U.S. Reclamation Service under 
Arthur P. Davis, who engineered the mountain water system for the district 
and became its first head. Under Longwell’s administration, the system’s 
facilities were expanded to meet the pressure of expanding population, the 

second Mokelumne Aqueduct was completed, and a $23,500,000 sewage 


disposal project was inaugurated. 


(Continued on page 12) 


BOND-O is machine-blended fer 
absolute uniformity and contains a 
germicide to inhibit oxidation by 
sulfur bacteria. BOND-O Rubber 
Packing Gaskets are resilient—bac- 
teria-free and quickest of all pack- 
to install. Made in sizes 
to 60”. 


self- m 


confidence by hundreds of water 
works. 


SPRING VALLEY, 


e Every Bond-o Joint is a Good Joint 
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one reason for the 


LOW MAINTENANCE 
COST of the 


RE NERVE 


Corey 


HYDRANT 


One man, with no special tools or 
hoist, without digging, by opening 
valve and mers head, can eas- 
ily remove and replace all working 
parts of the RenSSelaer Corey Hy- 
drant. That is only ONE feature 
which our 65 years of experience 
have incorporated in this famous 
Hydrant. NO FLOODING in case 
of barrel breakage. Main valve 
MECHANICALLY LOCKED 
shut by steel forgings bearing 
against case (illustrated left). 
o digging to renew broken 
barrel, thanks to flange at Working parts of 
ground line. Hard rubber Corey Hydrant 
valve seats will mot scar OF = Experienced Field Repre- 
leak. Drains fast, without sentatives will bring you 


the benefits of RenSSelaer’ s 
“ Solid bronze protects long life ydrants AND Valves. 


of vital parts. There’s no better office. 


investment than RenSSelaer Corey 
Hydrants . . . thousands in service 
prove it. 


LEADERSHIP FOR OVER 65 YEARS 


Gate Valves « Square Bottom Valves « Topping Valves and Sleeves 
Hydrants « Check Valves « Air Release Valves 


RENSSELAER VALVE COMPANY ¢ TROY, N.Y. 
Drvision of Neptune Meter Company 
Attanta, Bala-Cynwyd, Pa., Chicago, Denver, Haverhill, Mass., Hornell, Y.. Kansas 
City, Los Angetes, Memphis, Okiahoma City, Pittsburgh, San Francisco, Seattle, Waco 
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A specialized type of polio virus was the cause of a mild epidemic 
among members who attended the Oklahoma City meeting of the Southwest 
Section last October. Although the only apparent aftereffect of the attack 
has been a slight redness of face, the fact that it hit members “where it 
hurts most” is good reason to give warning to other sections. The specific 
virus involved in these cases was quickly detected and isolated, but it is 
known that immunity can be achieved only through development of re- 
sistance by understanding. Best epidemiological report is that provided 
by the Oklahoma City Times of October 21, quoted below : 


WATER MEETING GIVEN WORKS BY “SPECIALIST” 


The Southwest water works convention held here last week may have been 
a great success for its members, but it was even a greater one for a shy, foreign 
looking fellow-—until he found himself in jail Friday. 

Registering for the convention as Dr. Larry W. Costello, the little man gave 
a check for $50 to officials and announced he was here to give a talk on polio. 

“I’ve been sent down specially from Mayo clinic in Rochester, Minn.,” he 
explained. 

Specialist Welcomed 

Next, the “specialist” registered in the Biltmore Hotel, where he met his 
roommate, a Dallas resident also attending the convention. He met other con- 
vention members, too, all of whom seemed very impressed by his stature in the 
medical held. 

When the convention closed a week ago Thursday, the little man disappeared. 
He would be remembered, however. Excited squawks to the police station 
showed he had: 

Given the convention a $50 bogus check 

Robbed his roommate of $70 

“Borrowed” $50 and $75 from two other convention members because he 
had forgotten his billfold (he said). 

Skipped out owing the hotel a large bill. 

Suspect Arrested 

Thursday afternoon police arrested a 47-year-old suspect. They said he 
gave three aliases under questioning, but finally presented his name as Harry 
Laverne Hanson. He told detective Jake Robertson he had served two prison 
sentences and was wanted for parole violation and forgery. 

Sol Pincus has returned to New York to resume his consulting practice, 
after six months of service to the World Health Organization in Europe. In 
that period he acted as consultant on sanitary problems of various countries 
and helped set up the WHO Section of Environmental Sanitation. 


Russell W. Lane has joined the staff of the Illinois State Water 
Survey Div. as chemist, specializing in boiler feedwater studies. In addi- 
tion to other experience, he has spent nine years with National Aluminate 
Corp. in both research and field service on this subject. 

(Continued on page 14) 
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Something About the Way 


They Are Installed 


About 98 percent of a well 
water system is an underground 
construction project. Just how 
good the materials used are, or 
how poor the well was built, can- 
not be adequately checked by 
anyone in your organization. It 
is a question of depending on 
the reputation, integrity and skill 
of the builder. 


First, Layne uses well building 
methods obtained from nearly 
three quarters of a century of 
world-wide experience. And sec- 
ond, everything used: casing, 
shutter screen, shafting, bear- 
ings, impellers, motors and con- 


trols are of the very finest quality. 
And furthermore, Layne well 
water systems are built to pro- 
duce greater volumes of water 
than can be obtained from the 
conventional type of installation. 


Layne’s “know how” omits 
guess work and patch ups in con- 
struction errors by the less ex- 
perienced. After the installation 
has been accepted, you have the 
long established and responsible 
Layne organization on which you 
can depend for repairs, parts or 
service when and if ever needed. 
For further information, catalogs, 
etc., address. 


LAYNE & BOWLER, INC. 


General Offices, 
Memphis 8, Tenn. 
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With the death of John W. Van Atta, Executive Vice-Pres. & Gen. 
Mgr. of the Ralph B. Carter Co. of Hackensack, last December 7, P&R lost 
its favorite Jake and Broadway lost its premier golf champion, big game 
hunter, deep-sea fisherman and North Pole explorer. The fact that all of 
his adventures were experienced on Broadway after dark and that all of his 
triumphs took place in the sports columns of the Daily News never bothered 
Jake at all nor any of his host of Broadway big-name friends. From his 
days as a barkeep to his success as executive, Jake lived a legend, both 
loving and being loved by “The Great White Way.” 

Not as a director of the Water & Sewage Works Manufacturers Assn., 
but as a patron of New York's swank Versailles, who claimed to make his 
friends by bowling, did Jake first enter the columns of P&R. And his 
second entry, fittingly, was as an expert on the pursuit and capture of 
denizens of the deep. But if we needed any proof that others than us 
will miss Jake, the attendance and the flowers at his funeral were convincing 
: evidence of his legion of friends. 

As one of his columnist friends aptly epitaphed: “Goodbye, Jake; we 
had a lot of laughs together.” 


(Continued on page 16) 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25K 


On Request 


JOSEPH G. POLLARD CO., INC. 
Pipe Line Equipment 


New Hyde Park New York 


> %. 
| 
j 
. | 


Jan. 1950 JOURNAL A.W.W.A. 


... all year ‘round 


Maximum protection against damage from freezing or 
excessive pressure is provided by the frost proof bolt, 
shown in this photograph of a CALMET Water Meter 
after freezing at 14 below zero. When the meter freezes 
or pressure exceeds 450 pounds, this feature and the 
split case construction allow the main case to separate 
without damage to any part. The CALMET will give 
accurate, long-lasting and economical service. 


@ SALES REPRESE NTATIVES—Write for 


complete details of the CALMET franchise 
in your territory. 


LM, 
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MADE BY WELL MACHINERY & SUPPLY CO..INC.—FORT WORTH, TEXAS 


15 
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The cold war suffered a serious setback recently with the mysterious 
disappearance of MR-1. But before you reach for your spyglasses, let us 
explam that MR-1 is a virus suspected of being the cause of the common 
cold. Isolated for the first time in 1947 at the National Institute of Health, 
where it has been incubated in a bath of fertile hen’s eggs, MR-1 apparently 
flew the coop during a temporary mechanical failure in the laboratory 
refrigerator, fowling up some three years’ of scientific study. 

Actually it wasn’t at all the amount of water which cold sufferers are 
supposed to drink which called our attention to the incident, but the intrigu- 
ing headline which the New York Times placed on the Associated Press 
story—"Cold Virus Disapproves.” Of course, that might have been a 
mere typographical slip, but knowing the Times as we do, we're quite sure 
something deeper was involved. Had we been in MR-1’s spot we would 
have “disapproved” too of the idea of being incubated in a refrigerator with 
winter coming on. 

Ah, well! Plenty of water and, when the A.M.A. isn't looking, perhaps 


an anti-histamine or two! 


(Continued on page 18) 


Dad 
Wasa 


Fireman” 


the best way re 
I'm the second gen- 
to join eration of fire fighters, 


bell and spigot pipe 


Tegui Mineraiead is easy and 
clean to work with. economi 
cal, too needs no skilled 
labor. caulking ot deep bell 
holes HYDE RO RINGS, rub 
ber ting pocking, are recom 
mended for use with Tegul 
Mineralead. Please write us 
at 15 Welnut Street. Mertz 
town, Penna. ond request Bul 


and I know what Dad 
knew fifty years ago, 
Kupferle Hydrants al- 
ways work, and for me 
that’s tops.”’ 


Send for specification 
sheets of the Kupferle 
line of Fire Hydrants. 


THE ATLAS MINERAL ST. Louis 
PRODUCTS COMPANY 
KUPFERLE 


Pa. Houston, Texas 
FIRE HYDRANTS 
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to 
install... 


REINFORCE MENT 


non-corrodible! ~~ 


Check these Advantages: 


@ All parts of the under- 
drain are non-corrodible. 


@ All strainers are located 
in the same horizontal 


plane. 
@ Large laterals and 
header assure uniform col- 


lection and distribution of 
water. 


@ Strainers are uniformly 


spaced regardless of filter 
dimensions. 


@ Inexpensive and easily 
constructed. 


@ The monolithic construc- 
tion is rigid and rugged. 


WATER CONDITIONING 


The Permutit Monocrete Underdrain is of 
monolithic construction, the header and lat- 
erals consisting of conduits cast in concrete. 
Porcelain extension stems extend from the 
header and laterals to the top surface of the 
concrete; heavy porcelain strainers are screwed 
into these stems. The laterals are formed by 
specially designed inflatable rubber tubes 
which are removed after the concrete has set. 
The top slab of the header is then poured, 
using asbestos-cement sheet forms which are 
left in place. 

For full information about this remarkable 
new unit, write to The Permutit Company, 
Dept. JA-1, 330 West 42nd St., New York 18, 
N. Y., or to the Permutit Company of Canada, 
Ltd., Montreal. 


HEADQUARTERS FOR OVER 35 YEARS 


Ug 
j 
— 
THE NEW PERMUTIT MONOCRETE UNDERDRAIN 
“ 
| 
R00 CRTENSION 4 
dE 3 ASSESTOS COMENT 
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PERCOLATION AND RUNOFF 


(Continued from page 16) 


The reaction of fish to contamination in water has again been the 
subject of distinguished scientific discussion—this time at the Pittsburgh ’ 
convention of the American Institute of Chemical Engineers. It was Dr. 
Charles EF. Brown, Prof. of San. Eng. at Johns Hopkins Univ., who pointed 
out that one new method for testing the “fitness” of water for domestic use 


is by analyzing the different and distinguishable reactions of various types 


of fish to different kinds of contaminants. Insofar as the discussion which 


followed concerned the need for treating industrial wastes to prevent con- 


tamination of water supplies, all was well, but one point made during the 


session really bothered us: “These fish,” it was pointed out, “can be 


‘trained’ over a period of time to become accustomed to live in polluted 


waters.” 


Consider the possible consequences. It should certainly be simpler to 


train fish than to treat industrial wastes. And if fish can be trained, why 


not humans? And if humans, why bother to clean up the pollution of our 


heaches? And if the public has no reason to be concerned over such 


. pollution, where are water works men going to get support for their own : 
pollution control projects? No, it’s time we called in the A.S.P.C.F. and 


put our own foet down, too. We for one will not be trained. 


" (Continued on page 20) 


CYANAMID sulfate of alumina 


ass Removal of Suspended Impurities ’ 
MAXIMUM Freedom from Caking 


pH Range of Floe Formation 


| much wider than other coagulants 
plus 
MINIMUM ) Corrosion of Equipment 

{ —much less than other coagulants 


...and NO clogging of dry feed machines 


Write for full information 


AMERICAN G yanamid LOM PANY 


INDUSTRIAL CHEMICALS DIVISION 


30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y, 
Sales Offices in Principal Cities 
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In the North or the South, in the far West or in the East, you will 
find Hersey Water Meters on the job. Experienced water works 
officials know that Hersey makes time-tested Water Meters to fit 
all climatic conditions and these Meters operate accurately, effici- 
ently and at a low maintenance cost. 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 
BRANCH OFFICES: NEW YORK PORTLAND, ORE. PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO LOS ANGELES 


| 
; 
| 
3 | 
 - = 
| 
i 
| 
| 


PERCOLATION AND RUNOFF 


(Continued from page 18) 


The real answer to the problem of excess water consumption, 
which is now plaguing water works men throughout wide areas of shortage, 
was suggested in a recent issue of American City magazine. And the 
answer, of course, is simple: there is no such thing as water consumption. 
Water, AC points out, is used rather than consumed. In the same way as 
a used locomotive is sent to the shops for repair, says 4C, used water is sent 
to the sewage treatment plant, returned to the ground or otherwise disposed 
of for repairs. Ergo, no water consumption; no excess water consumption 
problem. The only trouble is, people still wse too much water. 

Were we any less thirsty ourself right now, we might see fit to argue 
that at least in some sense the water people drink is actually consumed, but 
we are thirsty and, thus, willing to go along with anything that offers even 
a slight hope of help. Following through, then, from 4C’s argument, we 
would assume that the answer to our problem of requiring too much water 
would be to reuse what we are now using more quickly, that is to reduce 
the repair period. Thus, in much the same way as some air conditioning 
systems are now operated, we should be able to achieve both domestic and 
industrial supply systems that are more or less self-contained—the old per- 
petual motion idea all over again. Of course, some industries—canning, 
bottling, even laundries—sell some of the water used with their products, but 


that replacement would be minor, Of course, too, evaporation, leakage and 


similar factors would involve some replacement even within the domestic 
system, but we should be able to depend upon rain for at least that much. 
All we need then is purification equipment adequate to the purpose of main- 
taining such a closed system—and we can’t be too far away from that. 

Actually, all this may have a familiar ring because it involves exactly 
the same procedure as that now being used, the only change being one of 
speed. It may sound, too, a little schoolbookish, as we seem to remember 
learning—was it in physics ?—that nothing is actually consumed, but merely 
converted. 

To return to American City’s point, though, we'll agree that water con- 
sumption is a pretty poor, ves, even misleading, term for water use. We 
might also point out that it was probably the choice of a psychologist who 
wanted to kid the public into thinking it was drinking an unused glass of 
water with each meal. And having thus agreed, we'll look forward to the 
day when we can physically join effluent to influent and really go around 
in circles. 

Only incidentally, though also terminologically, we are suddenly struck 


with the fact that our old term “water rent” really was more accurate than 


our current “water rate.” 


Russell G. Davis has joined the executive sales force of Chain Belt 
Co., Milwaukee. 
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Havana 
ted from by 


HAVANA 
AQUEDUCT 


> » HAVANA’S BRAND NEW WELDED-STEEL AQUEDUCT 

HAS BEEN PERMANENTLY PROTECTED FROM TUBERCULATION 
AND LEAKAGE BY A THIN, DENSE CEMENT LINING PLACED 
BY THE CENTRILINE PROCESS. 


Ip 
Net PAA The new pipe line—68” in 
ff diameter and 28,809" long— 
> was built for the City of 


Heavy rains made tractors useless — but 
Centriining was completed in record time 


CENTRILINE CORPORATION 


140 CEDAR STREET - NEW YORK 6, N. Y. 


CEMENT MORTAR LININGS FOR WATER MAINS 


? CENTRIFUGALLY APPLIED 
in strict conformity 
with A.W.W.A. Specifications 


Havana by M. A. Gonzalez 
del Valle, General Contrac- 
tor. The steel pipe was fab- 
ricated and installed by 
Compania de Ingenieria 
Morgran, S. A. of Havana 
Because it is a vital link in 
Havana's new system it was 
lined in place with centrifu- 
gally applied cement mortar 

This protective cement 
mortar lining will more than 
pay for itself within a few 
vears through sustained car- 
rying capacity and low 
pumping costs. 


PPP Do you want the 
complete facts on Cen- 
trilining? Send for 28- 
page illustrated bulletin. 
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Illinois, Here We Come 


To the Editor: 

Dr. Buswell correctly accuses me of 
reading the “funnies” in the JouRNAI 
before looking at any of the papers 
published. This is due partly to your 
burial of the table of and 
partly to the unirriguous wit of P&R. 

I flushed with glee on reading your 
comments about solving southern Cali- 
It is prob- 


contents, 


fornia’s water difficulties 
ably time we realized that there is a 


CORRESPONDENCE 


Vol. 42,No.1 


wet ceiling to the growth of population 
in certain areas. 

This may be the first 
method of dampening a Californian’s 
enthusiasm. One solution for the Cali- 
fornians would be to move to Illinois 


recorded 


where water resources are abundant. 
H. E. Hupson Jr. 
P.S. We also have more climate. 
Head, Engineering Sub-Division 
State Water Survey Division 
Urbana, Ill.; Dec. 5, 1949 


Don't look now, but our neck is stick- 
ing out—like a camel’s. And if friend 
Hudson will include us Easterners in 
his invitation, too, perhaps the “twain 
shall meet” after all—in Illinois, that 
is, where the climate apparently doesn’t 
set a “wet ceiling,” but is one. As for 
the “funnies,” we're sorry now we ex- 
humed the contents, and hope 
haven't there, too, completely undone 


we 


ourself. 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 


Analysis 
Can be used for any de- 


termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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removed 


This pipe section was cut, under pressure, from a 48” main 
without shut-down or other interruption to service. The operation 
was performed in the course of inserting a gate valve in a 

48” cast iron main, in the distribution system of the 

Water Bureau, City of Philadelphia, Pa. 

Gate valves can be inserted under pressure by SMITH in cast iron, 
asbestos—cement or steel water mains, sizes 4” and larger, 
without shutting off service or dewatering the line. 
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ALBRIGHT & FRIEL, INC. | 


Consulting Engineers 
Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 
City Planning Reports 
Laboratory 


Philadelphia 7, Pa. 


Valuations 


121 S. Beoad St. 


Cuas. B. R. Howson 
H. Maxweu. 


ALVORD, BURDICK & HOWSON 
Engineers 


Water Works, Water Purification, Flood 
Relief, Sewerage, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


Civic Opera Building Chicago 6 


CARL A. BAYS & ASSOCIATES 


Geologists Engineers — Geophysicists 
Industrial Consultants 


Office and Laboratory—-308 N. Orchard St. 
Mail Addrese—P.O. Box 189 
Urbana, Illinois 


CLINTON L. BOGERT 
ASSOCIATES 
Consulting Engineers 


Cumton L. Boczrr Ivan L. 
J. M. M. Gueto Roserr A. Lincotn 
Donato M. Drrmars Arruvur P. AckERMAN 


Water and Sewage Works 


Refuse Disposal Industrial Wastes 
Drainage Flood Control 


624 Madison Avenue New York 22, N. Y. 


BOWE, ALBERTSON 
& ASSOCIATES 


Engineers 


Sewerage—Sewage Treatment 
Water Supply —Purification 
Refuse Disposal—Analyses 

Valuati« Designs 


110 Williams Sx. 2082 Kings Highway 
New York 7, N.Y. Fei-feld, Conn Conn. 


BUCK, SEIFERT AND JOST 


| Consulting Engineers 
(Formerly Wicholas S. Hill Associates) 
Warer Suprry—Sewace Disrosar— 
Hypravitc Developments 


Reports, Investigations, Valuations, Rates 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 B. 19th Se., New York 3, N. Y. 


A. S. BEHRMAN 


Chemical Consultant 


Water Treatment 
lon Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BLACK & VEATCH 
Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BLACK LABORATORIES, INC. 


Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS--TREATMENT— 
CONTROL— RESEARCH 


968 S. Oak Se. Gainesville, Fla. 


BURGESS & NIPLE 


Consulting Engineers 
Established 1908) 


Water supply, treatment and distribution 
Sewage and industrial wastes disposal 

Investigations, reports, appraisals, rates 

Airports 


Municipal Engineering Supervision 


Columbus 15, Ohio 


BURNS & McDONNELL 
ENGINEERING CO. 


Consulting Engineers—51 Years 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 

Box 7088 Country Club P.O., Kansas City 2, Mo 
Office: 95th & Troost Ave. 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


A. Bennerr 


Cannon Bidg. Troy, N. Y. 
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Professional Services 
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CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Maso. 


THE CHESTER ENGINEERS 


Water Supply and Purification, 
Sewerage Systems, Sewage and 
Industrial Waste Treatment, 
Power Development and Applications, 
Investigations and Reports, 
Valuations and Rates 


210 EB. Park Way at Sandusky 
PITTSBURGH 12, PA. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 
Water 
Industrial Wastes—Gart isposal 
s— Airports—Bridges—Flood Control 
Town Planning— Appraisals 


Investigations & Reports 


Engineers and Consultants 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Reading, Pa. Washington 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply 
Flood Control & Drainage 


Sewerage 
Bridges 
Ornamental Street Lighting— Paving 


Light & Power Plants—Appraisals 


351 E. Ohio Se. Chicago 11 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Water Supply and Purification 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Design, Construction & Supervision of 
Operation 
Laboratory Service 


1001 N. Front St. Harrisburg, Pa. 


DE LEUW, CATHER & COMPANY 


Sewerage 
Highways 


Water Supply 
Railro 


»arations—Bridges—Subways 
Transportation 

Investigations— Reports—A ppraisals 
Plans and Supervision of Construction 


150 N. Wacker Drive 79 McAllister St. 
Chicago 6 San Francisco 2 


Grade 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


FAY, SPOFFORD & THORNDIKE 


Engineers 
Charles E. Spofford Ralph W. Horne 
John Ayer William L. Hyland 
Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 
Water Surety «np Dratnace 
Sewenacs anv Sewace 


Investigations Reports Designs Valuations 
Supervision of Construction 


Boston New York 


O. S. FENT 


Consulting Ground Water Geologist 


Water Supply Surveys 
Complete Test Drilling Service 


Box 477 Salina, Kansas 


W.L. Havens C. A. Emerson 
A. A. Buncer F.C. Torres F. W. Jones 


Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations— Laboratories 
Leader Bidg. Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation Industrial Wastes 
Design, Construction, Operation and Management 
Reports and Valuations 
2314 Girard Trust Co. Bidg. 
Broad St. & S. Penn Square 
Philadelphia 2 


Harrisburg, 
Scranton, Pa. Pittsburgh, Pa. 
GILBERT ASSOCIATES, INC. 
= 
q 
| 
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HITCHCOCK & ESTABROOK, INC. 
Lester D. Lee, Associate 
Consultants to Municipalities since 1920 


Water, Sewerage, Paving, Power Planta, 
Airports, Reports and Appraisals 


521 Sexton Bidg., Minneapolis 15, Minn. 


Professional Services 


Roberto Meneses Hoyos & Co. 
Ground Water Engineers 


Water Supply 
Test Drilling 


Geophysics 
Flow Tests 
Reports 
Design, Valuations & Supervision 


Reforma 12 Mexico City 


Explorations 


Consulting Engineers 


8. W. Jens 
E. E. Bloas 


W.W. Horner 
H. Shifrin 
Vv. C. Lischer 


Water Supply —Airporte—Hydraulie Engineer- 
ing —— Sewerage Sewage Treatment— Munici- 
pal 
Shell Building Se. Louis 3, Mo. 


a = 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Airfields Valuations 
Laboratory 


Statler Building 


111 Sutter Se. 
Boston 16 i 


Francisco 4 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1858) 
Inspection and Test at Point 


of Origin of Pumpa, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Bivd. 
Chicago 4, Il. 
and Principal Mfg. Centers 


JONES, HENRY & 
SCHOONMAKER 
(Formerly Jones & Henry) 

Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


THE H,. C. NUTTING COMPANY 
Engineers 
Water Distribution Studies 
Water Waste Surveys 
Trunk Main Surveys 


Meter and Fire Flow Test 


4120 Airport Road 


Engineers 


Dams Water Works Sewerage 
Airports Bridges Tunnels 
Traffic & Transportation Reports Highways 
Subways Foundations 
Harbor Works Valuations 
Power Developments Industrial Buildings 


51 Broadway, New York 6, N.Y. 


MORRIS KNOWLES, INC. 
Engineers 


Water Supply and Purification, 
Sewerage and Sewage Disposal, 
Industrial Wastes, Valuations, 


Laboratory, City Planning. 


Park Building Pittsburgh 22, Pa. 


R. M. LEGGETTE 
Consulting Ground Water Geologist 


Water Supply Salt Water Problems 


Dewatering Investigations 


Recharging Reports 


$51 Fifth Avenue New York 17. N. Y. 
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MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Matcoum Pranre 


Eanest W. 
Kicnanp Hazen 


G. G, Werner, Jr. 
Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New York 18, N. Y. 


THE PITOMETER COMPANY 


Engineers 


— 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Penstock Gaugings 


New York 7, N. Y. 


| 
| Parsons, Brinckerhoff, Hall & Macdonald 
: G. Gale Dixon, Associate 
| 
Church St. 


Professional Services 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification: Sewerage & Sew- 
age Disposal; Industrial Wastes ; Swimming Pool 
Control; Inves tions & Reports; Dosign; 
Supervision of Construction; Operation 
Analytical Laboratories 


1 Lee Place Paterson 1, N. J. 


STANLEY ENGINEERING 
COMPANY 


Waterworks-—Sewerage 
Drainage— Flood Control 
Airports—Electrie Power 


Hershey Building 
Muscatine, la. 
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THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 


Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply Sewerage Waste Disposal 


Mechanical Structural 
Surveys Reports Appraisals 


209 South High Sc. Columbus, Ohio 


RIPPLE & HOWE 


Consulting Engineers 
O. J. B. V. Hows 
Appraisals— Reports 
Design—Super vision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


426 Cooper Bidg., Denver 2, Colo. 


WARD & STRAND 


Engineers 
Water — Power 
Sewerage — Drainage 
Industrial Wastes —~ Industrial Building 
Paving 


1 W. Main Se. Madison 3, Wis. 


NICHOLAS A. ROSE 
Consulting Ground Water Geologist 
Investigations 


Reports 
Advisory Service 


1309 Anita Ave. Houston 4, Tex. 


= 


RUSSELL & AXON 
Consulting Engineers 


Geo. 8. Russet. F. E. Wencer 
Jon Jr. 


Water Works, Sewerage, Sewage Disposal, 
Industrial and Power Plants, Appraisals | 


408 Olive St. Municipal Airport 
St. Louis 2, Mo. Daytona Beach, Fila. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenviile South Carolina 


+ 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Waste Treatment. 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers 
(Est. 1869.) 


Investigations, Designs, Estimates, 


Reports and Supervision, Valuations, 
ete., in all Water Works and Sewerage 
Problems 


89 Broad Sc. Boston, Mass. 


WHITMAN, REQUARDT 
& ASSOCIA 


Engineers Consultants 
Civil—Sanitary —Structural 
Mechanical — Flectrical 
Reports, Plans, 
Supervision, Appraisals 
1304 Sc. Paul Sc. Baltimore 2, Md. 
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AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 


A pplications received November 1 
to 30, 1949 


Allen, Walter B., Art 
Works, 2400 Adeline, Oakland 7, 
(Oct. '49) M 

Bailey, Oliver W., Structural Engr., Plan- 
ning & Reports Section, Eng. Branch, 
Water Supply Div., Corps of Engrs., 
Ist & Douglas Sts., N.W., Washington, 
D.C. (Oct. '49) MPR 

Barnes, Herschel E., Owner, Barnes Tank 


Concrete 
Calif 


(Oct. "49) M 

Bassett, Kenneth M., \rizona Edison Co., 
Inc., Box 113, Yuma, Ariz. (Oct. '49) 
M 

Beltz, Chester L., Owner & Operator, C. 
L. Beltz Water System, 700— 30th Ave., 
Santa Cruz, Calif. (Oct. '49) M 


Bigglestone, H. C., Il, Resident Engr., 
Board of Fire Underwriters of the 
Pacific, 921 Title & Trust Bldg., 
Phoenix, Ariz. (Oct. '49) P 


Biloxi Water Works Dept., Gordon  \. 
Dacey, Comr. of Public Works, Biloxi, 


Miss. (Corp. M. Oct. 

Boardman, William H., Civ., Hydr. & 
San. Engr., 426 Walnut St., Phila- 
cle Iphia 6, Pa. (Oct. '49) UPR 

Bonser, Charles H., Mer., Sativa Los 
Angeles County Water Dist., 2015 


Hatchway, Compton, Calif. (Oct. '49) 
M 


MEMBERSHIP 


CHANGES bal. 42, No.1 


Boyd, H. M., see Lytle Creek Water & 
Improvement Co. 

Bronzonie, John A., Inspector of Plumb- 
ing, Dist. of Columbia Govt., Dept. of 
Inspection, 14th & Pennsylvania Ave., 
N.W., Washington, D.C. (Oct. '49) 


Burke, Richard H., Secy. & Counsel, 
Board of Water Supply, 120 Wall St., 
New York 5, N.Y. (Oct. '49) R 

Canton, Town of, Gordon Miller, Foreman: 
Water Dept., Box 987, City Hall, 
Canton, N.C. (Corp. M. Oct. '49) 


Carlson, Algot E., Filtration Plant Supt., 


1151 Bush St., Martinez, Calif. (Oct. 
P 
Carlson, Donald O., Research Engr., 


Leaching Plant, Inspiration Cons. Cop- 
per Co., Inspiration, Ariz. (Oct.'49) P 

Church, William Howard, City Mer., 205 
N. Greenleaf Ave., Whittier, Calif. 
(Oct. '49) MR 

Citizens Utilities Co. of California, F. J. 
Keys, Vice-Pres., 1607 Del Paso Blvd., 
Sacramento, Calif. (Corp. M. Oct. '49) 

Cockrill, Mark D., Pres., Mark Cockrill 
Contracting Co., Inc., 1917 W. Grant, 
Phoenix, Ariz. (Oct. P 

Coleman, H. O., Auditor, Water Works, 
City Hall, Atlanta, Ga. (Oct. '49) 

Corrick, John A., Treas., Clinton Camp- 
bell Contractor, Inc., 1814 S. 7th Ave., 
Phoenix, Ariz. (Oct. '49) P 


& Bridge Co., Box 33, East Prairie, Mo. Cox, Henry H., Supt., Water Works, Mt. 


(Continued on page 30) 


Vernon, Ky. (Oct. '49) MP 

Crandell, James H., Pump Operator, 
Corps of Engrs., 5900 MacArthur Blvd., 
Washington, D.C. (Oct. '49) 

Crescent City Water Co., Otto E. Never, 
Pres., Box 771, Eureka, Calif. (Corp. 
M. Oct. °49) MP 

Crystal Mutual Water Co., C. Dival Eib, 
Pres., 14260 E. Keese Drive, Whittier, 
Calif. (Corp. M. Oct. '49) 

Curry, Willford G., Water & Sewage Plant 
Supervisor, Folsom State Prison, Re- 
presa, Calif. (Oct. '49) P 

Dacey, Gordon A., Biloxi 
Works Dept. 

DeConcini, Evo, National City Water Co., 
415 Valley Bank Bldg., Tucson, Ariz. 
(Oct. '49) M 

Downey, James J., Owner, Penngrove 
Water Co., Penngrove, Calif. (Oct. '49) 
MPR 


see Water 
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this job!... 


in 1948. when the city of Spring- 
field, Mass., met increasing de- 
mands for water with 26,000 feet 
of new 48-inch line — Koppers 
Bitumastic® 70-B Enamel was 
specified as an interior and ex- 
terior protective coating. With 
good reason, too, for Springfield 
engineers had first-hand knowl- 
edge of the long-lasting protec- 
tion of Koppers Bitumastic. 

In 1909, when Springfield’s West- 
field Little River System was 
started, seven miles of 42-inch 
line were coated with Koppers 
Bitumastic. For 40 years, the 
Bitumastie Coating has kept flow 
capacity high and guarded the 
line against corrosion. Other lines, 
laid in 1929 and 1943, also are 
protected by Bitumastic. 


Inside the pipe, the glass-smooth, 
high-gloss surface of Koppers 
Bitumastic Enamel! forms a bar- 
rier against tuberculation, rust 
and corrosion. Bitumastic keeps 
water from touching the under- 
lying steel pipe surfaces 
protects against the corrosive ac- 
tion of soil chemicals ... has 
high electrical resistance. And it 
won't deteriorate with age. 

If you’re planning a water or 
sewage line, turn the coating job 
over to engineers of Koppers Con- 
tract Department. They'll handle 
it from start to finish, assuring 


placed in an open cut 
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Years Protection 


earned Koppers Bitumastic 


shown crossing 
pipe 
like 
ix protected 


long-lasting protection for the Springfield's new 48-inch line is 
project. Write for complete in- beneath railroad tracks 
formation on Koppers Contract others in the Springfield 
Service. with Koppers Bitumastic Enamel 


= 
| 
| 
Pd 
| 
KOPPERS BITUMASTI( ENAMELS 
=== KOPPERS COMPANY, INC., Dept. 1147 Pittsburgh 19, Pa. 
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(Continued fro 

Doyle, M. E., Chief Engr., Fulton County 
Health Dept., 160 Pryor St., S.E., 
Atlanta, Ga. (Oct. 

Dundas, Ray W., Sales Engr., Edward R. 
Bacon Co., 17th & Folsom, San Fran- 
ciseo, Calif. (Oct. '49) 

Eib, C. Dival, see Crystal Mutual Water 
Co. 

Estes, John M., Foreman, Water Dept., 


375 S. Euclid Ave., Upland, Calif 
(Oct. '49) M 
Fenrich, E. G., Mer., Chlorite Div., 


Mathieson Chemical Corp., Baltimore, 
Md. (Oct. 

Fitzpatrick, Joseph Ware, San. FEngr., 
Federal Security Agency, Public Health 
Service Region No. 3, Washington, D.C. 


(Oct. '49) M 

Florida Utilities Corp., Edmund 
Siewert, Water Plant Operator, 520 
Park Ave., S., Winter Park, Fila. | 


(Corp. M. Oct. '49) P 

Forsyth, Frank B., Pres., Wilmot Water 
Co., Inc., 422 E. Mabel, Tucson, Ariz. 
(Oct. '49) 

Fremming, Gordon H., Pres., Acme Water 
Co., Inc., 3668 S. Lundy Ave., Tucson, 
Ariz. (Oct. '49) 

Gardiner, J. W., Owner, Water Works, 
Box 607, Isleton, Calif. (Oct. '49) M 
Giannini, Amerigo G., Supt. of Operations, 
Dept. of Water Works, City Hall, 

Hammond, Ind. (Oct. '49) 

Gilliam, C. O., Cons. Engr., Yuma Blue 
Print, Box 669, Yuma, Ariz. (Oct. '49) 
P 

Gomez Laurens, 
Michigan, 1442 
Ann Arbor, Mich. (Jr. 
MPR 

Graham, Ralph E., City Engr., City of 
West Covina, 2133 W. Garvey Ave., 
Covina, Calif. (Oct. '49) M 

Gravell, Hubert F., Plant Foreman, Water 
Dept., 215 W. Broadway, Long Beach, 


Gilberto, Univ. of 
Washington Heights, 
M. Oct. 


Calif. (Oct. '49) M 

Gray, Walter, Water Works Operator, 
Water Dept., Clarksville, Tenn. (Oct. 
49) 


Hammes, Kenneth W., City E-ngr., Globe, 
Ariz. (Oct. MR 

Henrique Barbosa, Manuel, Civ. Ener., 
719 Church St., Ann Arbor, Mich. (Jr. 
M. Oct. P 


| 


_ Johnson, John W., Jr., San. Engr., L. 
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Holman, Albert L., Chem. Engr., Coving- 
ton City Water Works, Ft. Thomas, 
Ky. (Oct. '49) 

Hoos, Richard E., Sales Engr., Wallace & 
Tiernan Co., Inc., 1111—-17th St., N.W., 
Washington 6, D.C. (Oct. '49) P 


Hoy, Nevin D., Dist. Geologist, U.S. 
Geological Survey, Miami, Fla. (Oct. 
R 

| Hugh, Leslie M., Field Repr., Water 


lower Paint & Repair Co., Clear Lake, 
lowa (Oct. '49) 

Humphries, William L., Mer., Miami 
Div., Arizona Edison Co., Miami, Ariz. 


(Oct. M 


| Jamison, Jacob Harry, Partner, Utilities 


Service Co., 406 S. Bascom Ave., San 
Jose, Calif. (Oct. '49) M 

Janesville Water Dept., Joseph Lustig, 
City Engr., City Hall, Janesville, Wis. 
(Corp. M. Oct. '49) 

Johnson, Elmer Otho, Jr., Dist. Engr., 
Byron Jackson Co., 3700 Grand Ave., 
Phoenix, Ariz. (Oct. MR 

A. 
Schmidt Jr., Engrs., Dix Dam, Harrods- 
burg, Ky. (Oct. '49) P 

Keith, Edward C., City Civ. Engr., City 
Hall, Evansville, Ind. (Oct. '49) 

Kettering, Charles B., Supt., Leaching 
Plant, Inspiration Cons. Copper Co., 
Inspiration, Ariz. (Oct. '49) P 


| Keys, F. J., see Citizens Utilities Co. of 


California 

Kidd, Noel, Foreman, Munic. Utilities, 
U.S. Bureau of Mines, 721 Whiteriver 
Ave., Rifle, Colo. (Oct. 49) 

Kiel, Paul M., Div. Engr., Div. of Water: 
565 Erie St., Toledo 2, Ohio (Oct. '49) 
M 

Kinney, John E., San. Engr., Ohio River 
Valley Water Sanitation Com., 414 
Walnut St., Cincinnati 2, Ohio (Oct. '49) 
R 

Kisling, A. C., Sales Repr., Neptune Meter 
Co., 320 Market St., San Francisco, 
Calif. (Oct. '49) 

Lamb, James C., Ll, Instructor, Civ. 
Eng. Dept., Virginia Military Inst., 
Lexington, Va. (Oct. '49) 


_ Latimer, Thomas M., Assoc. Engr., Water 


Div., Dist. of Columbia Govt., 504 
Wayne Ave., Silver Spring, Md. (Oct. 


(Continued on page 32) 
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1879—ROSS-1879 
Automatic Values 


Controls 
elevation of 
water 
in 
tanks, basins 
and 

ALTITUDE VALVE reservoirs 


1. Single Acting 
2. Double Acting 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 

discharge 


SURGE-RELIEF VALVE 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 


Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 

2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
valve _tion. 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N. Y. 


r 4 
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A 
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Layson, J. Don, Enyr.-Director, Environ- 
mental Sanitation, San Joaquin Local 
Health Dist., Stockton, Calif. (Oct. '49) 

Levin, Philip, Service & Control Operator, 
Bureau of Water Supply, 510 Municipal 
Bidg., Baltimore, Md. (Oct. '49) M 


Long, Russell F., beng. Estimator, Mark 
Cockrill Contracting Co., Inc., 1917 W. 
Grant, Phoenix, Ariz. (Oct. P 


Longwell, Clyde J., Water Well Drilling 
Contractor, *Pesco Botteravia Lateral 
Rd., Santa Maria, Calif. (Oct. '49) R 

Lopez, Elisa N. (Miss), Secy., Bureau of 
Sanitation, State Dept. of Health, 917 


S. Montezuma Ave., Phoenix, Ariz 
(Oct. '49) P 

Love, Milton A., Eng. Estimator, Mark 
Cockrill Contracting Co., Inc., 1917 W. 
Grant, Phoenix, Ariz. (Oct. '49) 


Lustig, Joseph, see Janesville Water Dept. 

Lytle Creek Water & Improvement Co., 
H. M. Boyd, Secy.-Treas., 102 N. 
Riverside Ave., Rialto, Calif. (Corp. M. 
Oct. °49) MR 

Malony, George Allison, San. 
Brown & Caldwell, 233 Sansome 
San Francisco, Calif. (Oct. '49) P 


March, Joseph Wade, I’rof., Nova Scotia 
lech. College, Halifax, N.S. (Oct. "49) 


Melver, R. W., Chemist 


Engr., 


Louisville-Jeffer- 


son County Board of Health, 113 Arbor | 


(Oct. 
Water Works, 


Park, S ‘ l ouisville, Ky 


MeLane, Fred L., Director 
Newport, Ky. (Oct. '49) 


Miller, Gordon, see Canton, 


Town of 


Mills, Robert Charles, Sales tener, Lee 
Kedman Equipment Co., 610 S. 19th 
Ave., Phoenix, Ariz. (Oct. 

Mortenson, James A., Partner, 
Northern Water Utility Co., 334 W. 
Jefferson, Phoenix, Ariz. (Oct. ‘'49) 
VPR 

Moye, Malcolm A., Jr., Gen. Supt., c/o 


Ivy H. Smith Co., Box 5098, Jackson- 
ville, Fla. (Oct. '49) P 

Narup, C. E., City Engr., Favetteville, 
Tenn. (Oet. 


Concrete 
Box 1223, 


Navas, Stanley R., Sales Mer., 
Pipe & Products Co., Ine 
"$9) 


Richmond, Va. (Oct 
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Neal, A. H., Mech. Engr., Inspiration 
Cons. Copper Co., Inspiration, Ariz 
(Oct. 49) MP 

Nesbitt, Thomas J., Asst. City Engr., 


City Hall, Mesa, Ariz. (Oct. 49) R 
Never, Otto E., see Crescent City Water 


Co 
Odom, C. R., City Mer., Bartow, Fla 
(Oct. M 


Olsen, Frederick J., Public Health Engr.. 
Bureau of Public Health Eng., Board of 
Health, Washington, D.C. (Oct.'49) 


Otts, Louis E., Jr., Assoc. Prof. of Civ. 


Eng., Univ. of Marviland, College Park, 
Md. (Oct. M 

Overstreet, Cecil C., City Engr., Prescott, 
Ariz. (Oct. '49) 


Pajakowski, Casimir J., see South Bend 
Water Works 


Parker, Florence D. (Mrs.), Secy., Yost & 
Gardner, Cons. Engrs., 508 Heard Bldg., 
Phoenix, Ariz. (Oct. "49) 


Pelon, Guy, Supt., Water Dist. No. 2, 
Indian Lake, N.Y. (Oct. '49) MP 


Persily, Clemens C., see Reiner, John, & 
Co. 

Pratt, Joe C., see Shreveport Dept. of 
Water & Sewerage 

Reese, Merle C., Div. Auditor, California 
Water & Telephone Co., 481 Tyler St., 
Monterey, Calif. (Oct. '49) M 


Reiner, John, & Co., Clemens C. Persily, 
21-34 Broadway, Long Island City 6, 
N.Y. (Assoc. M. Oct. °49) 

Rekerdre, George T., Owner & Operator, 
Palomar Water System & Delray Water 

4150 Camino de la Colina, 
Pucson, Ariz. (Oct. M 

Revell, Rufus Benjamin, Water Chemist, 
State Hospital, c/o Eng. Dept., Chatta- 
hoochee, Fla. (Jr. M. Oct. 49) 

Rogers, Lincoln F., Foreman, Meter Dept., 
Water Dept., 1612 E. Wardlow Rd., 
Long Beach, Calif. (Oct. °49) M 

Rowe, Joseph A., Civ. Engr. & Partner, 
W. P. Rowe & Son, 736 G St., San 
Bernardino, Calif. (Oct. 

Rowe, W. P., Partner, W. P. Rowe & Son, 
3 Evans Bldg., Riverside, Calif. (Oct. 
49) 

Seekell, S. C., see Wolverine Tube Div. 


System, 
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HOW LONG 
is a water line? 


Measure it in labor time, and you'll 
discover that any water supply or 
force main is shorter when you use 
Armco Welded Steel Pipe. 

That's because Armco Pipe is so 
easy to handle and install. The 
whole job goes faster, smoother 
and more profitably. Lengths up to 
50 feet mean fewer joints—there 
are just 106 in a mile. Even these 
go together quickly using standard 
couplers or by field welding. 

You can use Armco Steel Pipe 
with complete confidence. It has a 
high safety factor against internal 
or external pressures. And the pat- 


ented method of manufacture per- 
mits visual inspection of both sides 
of the pipe wall to guard against 
flaws. A spun-enamel lining assures 
continued high flow capacity, pre- 
vents tuberculation, stops costly 
cleaning. 

With Armco Steel Pipe you can 
match exact job requirements 
save time, labor and money. Diam- 

eters range from 6 to 36 inches; 
wall thicknesses from 9/64- to 1/2- 
inch. Write for complete data. 
Armco Drainage & Metal Products, 
Inc., Welded Pipe Sales Division, 
1205 Curtis St., Middletown, Ohio. 


| 


ARMCO WELDED STEEL PIPE ‘Ops 
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CONTROL 


RESIDUAL 
CHLORIN 


CHLORINE is indispensable in the 


purifying of municipal water. 
Necessary, also, is the condi- 
tioning of this water for drinking 
purposes by the use of an ef- 
fective antichlor, to make it 
more pleasant-tasting. 

Superintendents and en- 
gineers of well managed plants 
make routine use of “Virginia” 
liquid Sulfur Dioxide (“Esotoo”) 
in their filtering, installations. 
They know, from experience, 
that ““Esoioo” provides that ac- 
curate and positive control of 
residual chlorine which is so 
essential to palatable drinking 
water. 

Our technical staff is at your 
service in solving this problem. 
Write to us for full information 
(SO,) as a de- 
chlor. Virginia Smelting Com- 


about “Esotoo” 


pany, West Norfolk, Virginia. 


SO YEARS OF SERVICE TO INDUSTRY 


The projerred dechlor 


WEST NORFOLK « NEWYORK « BOSTON « DETROIT 
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Shanklin, George R., Asst. Chief Engr., 
Div. of Water Policy & Supply, State 
Dept. of Conservation & Economic 
Development, 28 W. State St., Trenton, 
N.J. (Oct. '49) 

Sherrill, Miles O., San. Engr., Maurice 
L. Miller, Cons. Engr., Louisville, Ky. 
(Oct. '49) MP 

Shreveport Dept. of Water & Sewerage, 
Joe C. Pratt, Comr. of Public Utilities, 
City Hall, Shreveport, La. (Corp. M. 
Oct. 49) 

Siewert, Edmund E., see Florida Utilities 
Corp. 

Smith, Alphonsus P., Jr. Asst. Supt. 
Bureau of Water Supply, Baltimore, 
Md. (Oct. '49) M 


_ South Bend Water Works, Casimir J. 


Pajakowski, Supt., 224 N. Main St., 
South Bend, Ind. (Corp. M. Oct. '49) 

Spencer, Merlin Glen, Eng. Aid, Water 
Dept., 215 W. Broadway, Long Beach, 
Calif. (Octe’49) M 

Stevenson, Robert, \Vater Supt., Fontana, 
Wis. (Oct. '49) 

Strand, J. A., Partner, Ward & Strand, 
1 W. Main St., Madison, Wis. (Oct. '49) 

Sullivan, Clarence Rowe, Partner, Sullivan 
Mig. Co., 2114 W. Monte Vista, 
Phoenix, Ariz. (Oct. '49) M 

Sutherland, Roy E., Asst. Engr., State 
Public Utilities Com., 1813 W. Alameda 
Ave., Burbank, Calif. (Oct. '49) M 

Turner, Clifford R., Service Ener., Electric 
Chemical Co., 1915 Broad St., Paducah, 
Ky. (Oct. '49) P 

Turpin, Owen W., Cons. Engr., Turpin, 
Wachter & Assoc., 1004 N. Charles St., 
Baltimore, Md. (Oct. '49) P 


Walker, James Frederick, Jr., Water 
Treatment Operator, United States 
Sugar Corp., Clewiston, Fla. (Oct. '49) 


Warren, Kenneth Raymond, Chief Ac- 
countant, Water Dept., 205 N. Green- 
leaf Ave., Whittier, Calif. (Oct.’49) M 


| Watters, Clarence George, Jr., Engr. & 


Supt. of Operations, Carlsbad Mutual 
Water Co., Carlsbad, Calif. (Oct. '49) 
M 

Welch, Marion Carlyle, San. Engr., 
Louisville-Jefferson County Board of 
Health, 240 E. Madison St., Louisville, 
Ky. (Oct. 49) MPR 

(Continued on page 36) 
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narrows 


With New TYPE “H” METER 


An extremely accurate meter which measures 
flows within + 2% over a 13 to 1 range! 


We feel that a discerning engineer requires accuracy above all 
else in any instrument he purchases. Within its flow range the 
new Type “H” Meter registers measurements that are more accu- 
rate than usually encountered in commercial instrumentation and 


it truly “narrows the gap of error’’. 
Type “H” Meter is specially designed for: 

e Use with Venturi Tube, Flow © Inclusion of three vital measuring 
Nozzle, or Orifice Plate. elements—indicator, recorder, 


© Measurement of hot or cold water, totatizer. 
steam, process liquors, gases, * Testing in place at any time with 
trade wastes, sewage or sludge. an easily applied manometer 
Wall bracket, instrument panel, Coviee. 
or floor mounting ... outdoor or Maximum differentials of 114” 
indoor as desired. or 64” of water as desired. 


* Easy flow reading, utilizing 
evenly spaced chart and dial 
graduations. 


PLEX Write for Free Bulletin No. 400 to the Simplex Valve & 
Meter Co., Dept. 1,6784 Upland St., Philadelphia 42, Pa. 
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SOFT WATER? 
Yes — but 


When you buy any zeolite water 
softener—manual, semi-automatic or 
fully automatic insist that it be equip- 
ped with an H & T poppet type multi- 
port valve. 


This valve, built in all sizes and for 
all requirements, is a masterpiece of 
workmanship and operating simplicity. 
It is available only to experienced water 
softener manufacturers. 


Designed, built and guaranteed by 


HUNGERFORD 
& TERRY, INC. 


Clayton, New Jersey 
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| Wertz, R. D., Dist. Repr., R D. Wood Co., 


113 S. Federal Highway, Lake Worth, 
Fla. (Oct. 
Wolverine Tube Div., S.C. Seekell, Sales- 


man, 1411 Central Ave., Detroit 9, 
Mich. (Assoc. M. Oct. 
REINSTATEMENTS 
Caspar, City of, Tom Jessen, Mayor & 
Water Comr., City County Bldg., 
Caspar, Wyo. (Corp. M. Oct. '37) 
_ Jessen, Tom, see Caspar, City of 
| Wenrick, H. P., Contractor & Engr., 


Wenrick & Assoc., 4015 Pacific Blvd., 
San Mateo, Calif. (Oct. '38) 
LOSSES 
Deaths 


Currens, Warren W., Supt. of Filtration, 
Valley Water Commission, 
Little Falls, N.J. (lan. '39) 


Passaic 
Box 268, 
UPR 

Estabrook, Joseph B., l’res., Hitchcock & 
Estabrook, Inc., Cons. Engrs., 521 
Sexton Bldg., Minneapolis 15, Minn. 
(Apr. '36) P 


Fenkell, George H., Almont, Mich. (June 


Trustee Vice-Pres. '30. 
President Director '31-'32,' 38-41. 
Honorary M, 
Findlan, John S., 
Finance, Dept. of 
Minn. (Oct. 
Hechmer, Carl A., Dept. Engr., Maint. & 
Operation Dept., Washington Suburban 
San. Dist., 4017 Hamilton St., Hyatts- 
ville, Md. (Nov. '19) Fuller Award ‘40. 


ol 
Paul, 


Commissioner 


Finance, St. 


Durector ‘48-51. MP 

Hoover, Clarence B., Gen. Supt., Div. of 
Water, Citv Hall, Columbus, Ohio 
(Apr. 


Isaacson, Claude N., Repr., Water Works 
Supply Co., 448 S. Hill St., Los Angeles 
13, Calif. (Jan. R 

Jordan, Henri K., I’res., 
& Hydrant Co., Ltd., 
(July '41) M 

Klein, William I., Cons. Engr., 21 Maple 
Terrace, East Orange, N.J. (July 

Ward, Clayton N., Sr. Partner, Ward & 
Strand, 1 W. Main St., Madison, Wis. 
(June '30) PR 


(Continued on pag 


Canada Valve 
Brantford, Ont. 
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With seven miles of badly corroded 36” 
and 48” steel pipe up for replacement 
at an estimated cost of $1,800,000., 
the City of Montreal reconditioned 
the entire line at a total cost of only 
$205,000. — a saving of $1,595,000. 


Reconditioning included a thorough 
cleaning and removal of incrustation 
and debris by the National Water 
Main Cleaning Co. after which the 
cleaned surface was centrilined. 

Final results indicate reduced friction 
losses, improved carrying capacity and 
permanent protection against leakage 
ond internal corrosion. 


cleaning and reconditioning water main 


SAVES MONTREAL: $1,595,000 


Why not let our engineers find out 
if similar savings can be effected in 
your city? No obligation of course! 


50 CHURCH STREET, NEW YORK 7, N.Y. 


ATLANTA, GA., 1221 Mortgage Guarantee Bldg. & P.O. 
Box 9-—-Station E « BOSTON, 115 Peterboro St. e 
CHICAGO, Room 1336, S. Michigan Ave. « KANSAS 
CITY, 421 BMA Building e LOS ANGELES, 448 S. Hill 
Street e LITTLE FALLS, N. J., Box91 « OMAHA, 3812 
Castellar Street e RICHMOND, 210 East Franklin Street, 
SPRINGFIELD, MO., 1301 Prospect Ave. « SALT 
LAKE CITY, 149-151 W. Second So. St. « SAN FRAN- 
CISCO, 681 Market St. « SIGNAL MT., TENN., 204 
Slayton Street « FLANDREALU, S. D., 315 No. Crescent 
St. e MONTREAL, 2028 Union Avenue e VANCOUVER, | 
B.C., 505 West ist Avenue « WACO, P. O.¥Box 887 « 

WINNIPEG, 576 Wall St. .« HAVANA « SAN JUAN, 

PUERTO RICO « BOGOTA . CARACAS « MEXICO b 
CITY. 


i 
a- 3 
| 
{ 
NATIONAL WATER MAIN CLEANING CO. 
id 
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CHANGES IN ADDRESS 


Changes recewed between November Fand 
December §, 1949 


Aluminum Co. of America, P.O. No 
420972, Massena, N.Y. (Corp. M. July 

Barton, Harry, Box 505, Great Neck, N.Y 
(Dec. '28) M 

Bethencourt, Daniel, Humbold 151, Ve 


dado, Havana, Cuba (Jan. '49) 

Bready, Ira J., Dist. Mer., 
tioning Corp., 3119 Griest, Cincinnati &, 
Ohio (lan. °38) P 

Carroll, John J., Dist. Mer., 
Meter Co., 815 W. Market St., 
ville 2, Ky. (Jan. '38) M 

Cleary, Edward J., Exec. Director & Chie 
Engr., Ohio River Valley San. Com., 414 
Walnut St., Cincinnati 2, Ohio (Jan. '45) 

Collie, R. M., 7426 Magnolia, Houston 12, 
Tex. (Oct. '48) 

Corin, Magnus F., 3rd 
Haven, N.J. (Apr. '10) P 


Liquid Condi 


Louis 


Bear h 


Cranch, Eugene T., International City 
Managers’ Assn., 1313 E. 60th St., 
Chicago 37, Ill. (Mar. '22) M 


Fryer, Colin J., Dearborn Chemical Co., 


941 Waumanu St., Honolulu, Hawaii 
(Oct. '45) P 

Ghietto, Louis A., 946 Victoria Drive 
\rcadia, Calif. (Apr. '36) 

Hall, Howard W., Cons. Engr., 702 W 
lith St.. Corona, Calif (Jan. ‘'48) 

Haydock, Charles, Cons. Engr, 2314 
Girard Trust Co. Bldg., Philadelphia 2, 
Pa. (Feb. '19) 

Horstmann, F. B., 428 \vedale Road 
Riverside, Ill. (June ‘27) P 


Filter Sand and Gravel 


WELL WASHED AND CAREFULLY 
GRADED TO ANY SPECIFICATION. 


PROMPT SHIPMENT IN BULK 
OR IN BAGS OF 100 LB. EACH 


Inquiries Solicited 


Northern Gravel Co. 


P. O. Box 307, Muscatine, lowa 


Neptune 


Hulbert, Roberts, 680 W. Brown St., 
Birmingham, Mich. (Apr. '30) Fuller 
Award P 

Johnson, Francis M., Li. Col., USAF 


(MSC) \ir Surgeon, Headquarters 
Air Training Command, Scott Air Force 
Base, Ill. (Oct. '37) 

King, Kenneth, 4971 Ward Pkwy., Kansas 
City 2, Mo. (July '40) M 

Kopp, Joseph P., Sewage Plant Operator, 
10630 Helena Ave., Cleveland 8, Ohio 
(Oct. 44) MP 

Leary, Charles J., Route 4, 
Ind. (Oct. '45) 

Longwell, John S., 21 King Ave., Pied- 
mont 11, Calif. (Oct.’31) Director’ 42—'45. 

Nelson, Fred B., 26770 Lorain Rd., 
North Olmsted, Ohio (July 07) M 

Niles, Philip B., Yale & Towne Mfg. Co., 
405 Lexington Ave., New York 17, N.Y. 
(Jan. '48) 

O'Reilly, Don, Speed Age, Professional 
Bldg., Hyattsville, Md. (July '48) 

Papineau, Marcel, 11366 Plaza, Montreal, 
Que. (Apr. 

Patton, C. S., 103 Park Ave., New York 17, 
N.Y. (May '30) 

Richards, John Raymond, Box 
Anacostia, Va. (Apr. P 
Schoonmaker, George N., Jones, Henry & 

Schoonmaker, 821 Security  Bldg., 
Toledo 4, Ohio (Aug. 
Skibbe, Henry E., Box 453, Oshkosh, Wis. 


Greenfield, 


4696, 


(Oct. *45) 

Spalding, George R., 10 Meadow Lane, 
New Canaan, Conn (June ‘°26) 
Fuller Award ‘41 


Suryaprakasam, M. V., San. Eng. Dept., 


Johns Hopkins Univ., Baltimore 18, 
Md. (July *49) 
Towne, W. W., U.S. Public Health 


Service, 1014-20 Broadway, Cincinnati 
2, Ohio (Dec. '29) P 
Wagner, Richard F., City 
burg, Va. (Nov. '19) 
Whyman, Lucy T. (Mrs.), Owner & Mer., 
Whyman Water Works, Box 306, 
Tolleson, Ariz. (Jan. 

Yoder, M. Carleton, San. Engr., 1009 
Hook Ave., Concord, Calif. Jan. 
Young, Lewis A., .S. Public Health 
Service, Southeast Drainage Basins 
Office, 114 Marietta St., Atlanta, Ga. 

(Oct. 


Hall, Lynch- 


: 

2 

= 

ae 


Jan. 1950 JOURNAL A.W.W.A. 


Where the pressure’s on -reinforce and 
protect all joints of cast iron pipe with 


CLOW BELL SPLIT SLEEVES 


Today Municipal Water Departments all over 

the country realize the value of playing it safe with 

CLOW MECHANICAL JOINT BELL SPLIT 

SLEEVES. In fact, the use for the F-1205 Bell Split 

Sleeves has become “standard practice” for reinforcing 

and safeguarding the joints of cast iron pipe where pipe hws 
lines pass under railroad tracks or highway truck 

routes, through marshland or under water, and F120 

any locations of piping not easily accessible For pipe sizes 3 te 16 inches 

in case of emergency 


No Lead ...No Jute ...No Calking 


Write for completely illustrated descriptive circular 


JAMES B. CLOW & SONS 
201-299 North Telmen Avenve * Chicege 80, Illinois 
and Natrona! Cast iron Pipe Division Birmingham, Ala subsidiaries 
Eddy Valve Co. Waterford N. Y., lowa Valve Co. Oskaloosa, ta 


Make repairs to pipe barrel with F-1200 Clow 
Mechanical Joint Scraight Split Sleeves. Sizes 12-inch and 
smaller will repair length-wise breaks up to 8 inches; 
sizes 14-inch and 16-inch, up to 17 inches. 
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40 SERVICE 


HELLIGE 
lester 


EMPLOYING 


NONFADING 
GLASS COLOR 
STANDARDS 


THE HELLIGE AQUA TESTER 
combines the advantages of non- 
fading glass color standards with radi- 
cal improvements in design. This 
Water Tester is, we believe, the most 
advanced wpe ever brought on the 
market and brings to its user the ut- 
most in accuracy, permanent relia- 
bility, and ease of operation. 


Glass Color Standards based on A.P.H.A. and 
A.W.W.A. methods are available for Color of 
Water, Ammonia Nitrogen, Nitrite Nitrogen, 
Nitrate Nitrogen, Chiorine, Iron, Dissolved 
Oxygen, Manganese, Lead, Phosphate, Silica, 
Sulphides and Hydrogen Ion Measurements. 


Write for Bulletin No. 602 


HELLIGE 


3718 NORTHERN BLVD. 


LONG ISLAND CITY 1.N.Y. 


LINES Vol. 42,No.1 


Laboratory jar test stirrers for 
conducting coagulation tests on raw 
waters are described in a_ four-page 
folder available from Stuart Corp., 
516 N. Charles St., Baltimore 1, Md 
The units accommodate six 1-1 beak- 
include tachometer, timer 
switch and speed control rheostat 


ers and 


“Community Relations: Getting 
Acquainted With the Community” ts 
the title of a new report issued by 
the Policyholders Service Bureau ot 
Metropolitan Life Insurance Co., 1 
Madison Ave., New York 10. Copies 
of this “how-to” report on improving 
public relations through accepting the 
social obligations of industry to the 
community may be obtained from the 
bureau at the above address. 


“Industrial Sanitation in a Mu- 
nicipal Health Program,” a paper by 
Prot. William T. Ingram which out- 
lines a procedure for a cooperative 
approach to the problem, ts available 
as a 2-page reprint from V. W. Palen, 
of Public Information, New 
York Univ. College of Engineering, 
New York 53. To cover handling and 
mailing costs, 10¢ should be enclosed 
The article was originally published 
in Modern Santtation tor August. 


A compact chemical feeder of 
transparent acrylic plastic is described 
in Catalog 62 of the Fischer & Porter 
Co., Hatboro, Pa. The unit, which is 
only 10 * 5 x 2 in. overall, can treat 
up to 7,000 gpd. directly, or utilizing 
a bypass arrangement and dispensing 
a 5 per cent solution of the chemical, 
it can add 5 ppm. to over 14 mgd. 


(Continued on page 42) 
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WORTHINGTON - GAMON 


WATCH DOG 


The meter used by 
thousands of munic- 


ipalities in the U. S. WATER METERS 


“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON METER CO. 


296 South Street, Newark 5, New Jersey 


SUBSIDIARY OF 


WORTHINGTON 


WORTHINGTON PUMP AND MACHINERY CORPORATION ————___! 
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APPROVED 


| (Continued from page 40) 

“The Story of the Chemicals You 
| Live By” is a 16-page, nontechnical 
exposition ef the production and uses 


of such familiar chemical products of 
| the Diamond Alkali Co. as chlorine, 
soda ash and silicate of soda. As a 
| prisner it may offer information of 
public relations use, especially for edu- 
cational purposes. Copies are obtain- 
| able from district sales offices, or trom 
| Diamond's central headquarters, 300 
Union Commerce Bldg., Cleveland 14, 
| Ohio 


a cold 


A water softener utilizing 
process, slurry type precipitator and 
coagulator is described in Bul. W 
212-B5 of Worthington Pump & Ma- 
chinery Corp., Water Treating Sec- 

| tion, Dunellen, N. J The device 
COREENBERG avoids the use of submerged mechani 
cal moving parts by employing hy 


Independently Valved HYDRANTS draulic energy to mix the applied 


for non-freezing climates 


chemicals with previously formed 
recipitates 

Western water works engineers and fire id iar eal 

alifornia-ty re hydrants. Now, 

exhaustive tests, Underwriters’ Laborator- 
i ies, Inc. has confirmed your judgment. ; ual, No. 149, published by American 
Greenberg No. 74 and 76 hydrants are Well Works, Aurora, III Entitled 
equipped with independent valves of a | “Modern Processes and Equipment for 
new type which open quickly and easily, eo. and Industrial Waste Tre: 
allowing full flow with minimum resis ase 
ance. They close tightly without water ment,” the indexed booklet includes 
hammer. A major improvement over the =o sections on aeration, sedimentation, 
old “cork in bottle” type valve! pretreatment, industrial waste treat- 


ment is the subject of a 24-page man- 


Other innovations such as you ment and recovery, and related topics 
would expect of the people ’ 

who evolved the California- The “Walking Beam” flocculator 
type hydrant 75 years ago are is the subject of a circular distributed 
shown in the free booklet “Hy- |}, Stuart Corp., 516 N. Charles St., 
drants by Greenberg." May we 

send you a copy? Baltimore 1, Md. 


STABILITY 1854 


BRONZE JOIN 
M. GREENBERGS SONS 


165 Folsom St San Francisce Calif EXbreok 2-3144 
"Now  Hartlord THE NATIONAL FOUNDATION FOR INFANTILE PARALYSIS 
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with these advantages of Reinforced Concrete 
Cylinder Pipe for main water transmission lines 


1 Combines the physical strength 
* and characteristics of steel with 
protective features and permanency of 


well-made concrete. 

2 Under normal bedding and backfill 
* conditions, will successfully with- 

stand external or trench loads up to 10 

ft. of cover. Greater loads are safely 

provided for by compacted back fill, 

cradling or additional steel reinforce- 


ment. 
3 Has ample strength for the occa- 

* sional concentrated loading which 
is sometimes met in practice. 


Will remain water tight under con- 
* ditions of foundation settlement 
or soil movement within the limits gen- 
erally met in water works practice. 
5 Has a long life with freedom from 
* corrosion or deterioration. Con- 
crete encasement protects steel cylinder 
and reinforcement from electrolytic ac- 
tion and deleterious ground water. 


6. Conservative design basis and as- 
sumed unit stress of this class of 
pipe allow ample factor of safety for 
all normal conditions of service includ- 
ing surge and water hammer. 


In event of earthquake, sudden or 
extreme increases of pressure, or 
other disturbances, pipe will neither 
burst, shatter, nor discharge its full 


flow of water. 
Ss If surges beyond design operating 

* limit, or other extraordinary pres- 
sures cause cracks to open up in con- 
crete lining or encasement, they will 
close and seal after these heavy pres- 
sures have been relieved, wherever 
elastic limit of steel has not been ex- 


ceeded. 

Rugged construction provides am- 
* ple strength to withstand all nor- 

mal handling conditions. 


Complete information is available 
upon request 


P.O. Box 3428, Terminal Annex, 
Los Angeles 54, Calif. Main 


mer, 


Concrete pipe for main water supply lines, 
storm & sanitary sewers, subaqueous pipe lines 


(PE AND CONSTRUCTION CO. ) 


Offices and Plant - 4635 Firestone 
Boulevard, South Gate, California. 
District Sales Offices and Plants - 
Oakland - San Diego - Portland, 
Oregon 
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COMBINES strength of STEEL 
with permanency of CONCRETE 


Available in three types to meet 
the requirements of pressure 
transmission of water: American 
Concrete Cylinder Pipe, Lock 


(non-prestressed), and Lock Joint 
Prestressed Concrete Cylinder 
Pipe. All employ the Lock Joint 
Rubber Gasket Joint type 
closure 


crete wall of 57” Lock Joint 
Cylinder Pipe, non-prestressed. 


Joint Concrete Cylinder Pipe 


of 
Phantom view shows 
how steel cylinder and reinforce- 
ment cages are encased in con- 
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SECTION MEETINGS 


TECHMICAL 


Section Meeting Reports 

Southwest Section: The Southwest Section held its thirty-eighth 
annual meeting in Oklahoma City, October 10-12, with M. B. Cunningham, 
superintendent and engineer of the Oklahoma City Water Dept. serving as 
host. Registration reached a record 618. 

The technical sessions, to which three full days were devoted, were 
well attended. A complete description of the Oklahoma City Water Works 
System was presented by Cunningham and his entire staff. Panel dis- 
cussions were a feature of the program, and the one on stream pollution was 
divided into several subtopics. “Financing” was treated by W. H. Sindt, 
division engineer, F.W.A., Bureau of Community Facilities, Fort Worth, 
Tex.; “National Aspects,” by Carl Warkentin, officer in charge, Div. of 
Water Pollution Control, Little Rock, Ark.; and “State Aspects,” by Dr. 
(7. F. Mathews, State Dept. of Health, and Guy B. Treat, consulting engi- 
neer, both of Oklahoma City, Okla. 

The panel on “Wells and A.W.W.A. Specifications” was handled by 
Dr. Stuart Schoff, district geologist of the Geological Survey at Norman, 
Okla.,.who discussed “Geology”; A. O. Fabrin, chief engineer with Layne 
& Bowler Co., Memphis, Tenn., who spoke on “Well Pump Column Life” ; 
Compere Loveless, manager of the Pump & Electric Dept. of Fairbanks, 
Morse & Co., Kansas City, Mo., who discussed “Pumps”; G. E. Hauer, 
chief engineer for the American Wells Works, Aurora, II], whose topic 
was “Iron and Carbon Dioxide Removal”; and John P. Kleber, sales engi- 
neer with Calgon, Inc., Pittsburgh, Pa., who spoke on “Well Cleaning.” 

“Use of Radio for Water Departments” was treated by C. H. Sutter, 
chairman of the Mid-Central Utilities Radio Committee, and Grant Landon, 
superintendent of signals and alarms, Oklahoma City Fire Dept., after 
which an automobile was rolled into the auditorium for a demonstration. 
The subject of “Water Distribution System Problems” was discussed by 
H. G, Freehauf, Dept. of Utilities, Miami, Okla.; S. L. Perry, Water Dept., 
\lexandria, La.; Elmwood J. Umbenhauer, F1 Paso, Tex.; and W. K. Van 
Zandt, Water Dept., Houston, Tex. 


(Continued on page 48) 
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BELT-TYPE GRAVIMETRIC FEEDERS Highly accurate and adaptable, for rates from 
10 to 10,000 Ibs. per hr. 


LOSS-IN-WEIGHT GRAVIMETRIC FEEDERS Tops in accuracy. Sizes for feeding 
from ‘4 to 5,000 Ibs. per hr. 


UNIVERSAL FEEDERS Simple, dependable feeders for dry materials. Capacities: 
1 to 5,000 Ibs. per hr. 


PRECISION SOLUTION FEEDERS Feed liquids by gravity. No valves, pumps, dia- 
phragms. Available for rates from .08 to 500 g.p.h. 


DISC FEEDERS For fine, dry materials. Two models for rates from ‘4 oz. per hr. to 
200 Ibs. per hr. 


ROTODIP SOLUTION FEEDER Meters and feeds liquids at rates up to 800 g.p.h. 


ROTOLOCK FEEDERS Volumetric dry feeders, with capacities to 300 cv. ft. per hr. 


LIME SLAKERS Designed for water and sewage plants. Capacities from 175 to 
10,000 Ibs. per hr. 


LABORATORY STIRRERS Six paddle units for laboratory coagulation tests. 
Also Dust Collectors and Chemical Elevators for use with the above chemical feeders. 


Write for Bulletins and engineering information. Address Omega Machine Company 
(Division of Builders Iron Foundry), Providence 1, Rhode Island. 
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THE MEMBERSHIP OF A 
‘C.I.P. Century Club now has 


The Cast Iron Pipe Century Club is 
probably the most unique club in 
the world. Membership is limited to 
municipal, or privately-owned, gas 
and water supply systems having 
east iron mains in service for a cen- 
tury or more. 


Although the Club is formally 
established, there are no dues, no 
regular meetings, and no obligations 
other than to inform the Recording 
Secretary if and when the qualifying 

gas or water main is taken out 
of service, or, sold for re-use. 


| OF ALL 6-INCH AND LARGER: 
CAST RON WATER MAINS — 
EVER LAID IN 25 REPRESEN. 
TATIVE CITIES ARE STILL 
Reed on the of 
murvey conducted by leading 
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DISTINGUISHED CLUB. 


29 Members! — 


In spite of the unique re- 
quirement for membership, 
the Club roster grows, year 
by year. And why not, when 
answers to a questionnaire, 
mailed to gas officials in 43 
large cities, show that orig- 
inal cast iron mains are still 
in service in 29 of the cities. 
And a survey sponsored by 
three water works associa- 
tions, indicates that 96% of 
all 6-inch and larger cast iron 
water mains ever laid in 25 
representative cities are still 
in service, 


If your records show a cast 
iron main in service, laid a 
century or more ago, the 
Club invites you to send for a 
handsome framed Certificate 


of Honorary Membership. 
Address Thomas F. Wolfe, 
Recording Secretary, Cast 
Iron Pipe Century Club, 
Peoples Gas Bldg., Chicago 3, 
Illinois. 


CLUB ROSTER 


BUREAU Of WATER. DEPT OF PUBLIC WORKS 
Beltimore Meorylend 


CONSOLIDATED GAS ELECTRIC LIGHT & POWER CO 


Beltimore Merylend 
PUBLIC WORKS DEPT WATER DIVISION 
Boston Mossochusetts 
BOSTON CONSOLIDATED GAS CO 
Boston 
BOARD OF WATER COMMISSIONERS 
Detront 
FALL RIVER GAS WORKS COMPANY 
Foll River Mossechusetts 
CITY OF FREDERICK WATER DEFT 
Frederick Morylond 
THE HARTFORD GAS COMPANY 
Hertford Connecticut 
BUREAU OF WATER 
lencester Pennsylvame 
LOUISVILLE GAS & ELECTRIC CO 
Lewisville Kentucky 
CITY OF LYNCHBURG WATER DEPARTMENT 
Lynchburg Virginie 
MOBILE GAS SERVICE CORP 
Mobile Alabome 
MOBILE WATER WORKS COMPANY 
Mobile Alobeme 
NEW ORLEANS PUBLIC SERVICE INC 
New Orleans Levisione 
PUBLIC SERVICE ELECTRIC & GAS COMPANY 
Newerk, New Jersey 
DEPT. OF WATER. GAS & ELECTRICITY 
New York, New York 
DEPT OF PUBLIC WORKS BUREAU OF WATER 
Pennsylvome 
PHILADELPHIA GAS WORKS CO 
Philadelphia Pennsylvome 
QUEBEC POWER COMPANY. GAS DIVISION 
Quebec Conedeo 
BUREAU OF WATER 
Reading Pennsylvonma 
DEPT. OF PUBLIC UTILITIES 
Richmond, Virginio 
WATER & SEWERAGE DEPARTMENT 
City of Seint John NB 
DEPT OF PUBLIC UTILITIES, WATER DIVISION 
St Levis, Missouri 
THE CONSUMER'S GAS CO OF TORONTO 
Torente, Onterie 
DEPT OF PUBLIC WORKS 
Troy, New York 
CITY OF UTICA, BOARD OF WATER SUPPLY 
Utice, Mew York 
CITY OF WHEELING WATER DEPT 
Wheeling, West Virginia 
WILMINGTON WATER DEPT 
w Deleware 
YORK WATER COMPANY 
York Pennsylvenia 


| | | 
| 
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(Continued from page 44) 


“Public Relations” was discussed by M. L. Powers, Okla. Institute of 
Technology, Stillwater, Okla. R. M. Dixon, managing director, Municipal 
Contractors Assn., Dallas, Tex., discussed “Wages,” and Phil Rhoades, 
First National Bank & Trust Co., Oklahoma City, Okla., and F. G. Baker, 
auditor for Oklahoma City, Okla., spoke on “Bonds.” 

“Latest Methods of Chlorination and Testing” was treated by N. 5. 
Chamberlin, sanitary chemist of the Wallace & Tiernan Co. Technical 
Service Div., Newark, N.J., and “Instruments and Controls for the Small 


Filter Plant” was the subject of a talk by Everett M. Jones, vice-president 
of Simplex Valve & Meter Co., Philadelphia, Pa. L. C. Billings, chief 
chemist of water and sewage treatment at Dallas, Tex., spoke on “Water 
Softening” and the technical sessions were concluded by a paper on “Water 
Department Reports” presented by L. A. Jackson, manager-engineer of the 
Municipal Water Works, Little Rock, Ark., and G. O. Summers, city 
manager of Waxahachie, Tex. 

At a colorful ceremony of the Kiowa tribe Monday night, Chief Jasper 
Saunkeah bestowed an Indian headdress and the name Toa-Auh-Chon-Auh- 
Vau, meaning “man who guides water” upon President Black (see cut). 


Vice-President Weir (right) was dubbed Toa-Zole-Yah, or “running 


(Continued on page 50) 
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The 1,250,000-gal. Horton standpipe shown here is an all-welded steel 
structure erected for the Lansdale Municipal Authority, Lansdale, Penna. 
\ reserve supply of water of this kind helps to smooth out pressure fluc- 
tuations due to varying demand; bolsters pressure in areas remote from 
pumping station; relieves the pumps of peak loads by temporarily storing 
water pumped during slack periods and often justifies lower fire insurance 
premiums. Write our nearest office for information on standpipes or 
elevated water tanks. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON SALT LAKE CITY 
PHILADELPHIA NEW YORK DETROIT SEATTLE CLEVELAND 
SAN FRANCISCO HOUSTON ATLANTA HAVANA LOS ANGELES 
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water.” Both now head the tribe of Willing Water redmen, otherwise 
known as 0a-Al-Om-Gah. 

Dean EF. R. Stapley put on an unusually fine breakiast program, 
Wednesday morning, entitled “Radio Mystery” (direct broadcast). It 
was, as usual, one of Dr. Stapley’s “nightmares.” At the Wednesday noon 
luncheon, President Black presented the Section’s Membership Cup for the 
first time to the winning state, Arkansas. At the Wednesday night ban- 
quet, Dr. Black spoke “off the cuff” in his usual winning manner and was 
applauded enthusiastically by over 500 registrants. 

The meeting was climaxed Wednesday night by the presentation of the 
first Egmont S. Smith Memorial Scholarship Award to Miss Julia West of 
Lake Charles, la.. daughter of George West, a Past-President of the 


Southwest Section 


A. JACKSON 


Secretary-Treasurer 


Wisconsin Section: The twenty-eighth meeting of the Wisconsin 
Section was held at the Hotel Schroeder, Milwaukee, on October 11-13, 
1949, with a total attendance of 301. 

The practice of starting the sessions with a movie was continued this 
year. This has worked out satisfactorily as it insures a full attendance at 


the time the first speaker is to start and decreases the confusion caused by 


people coming in after the speaker has started to talk. As usual, there 
| were four sessions: the Distribution Session, Surface Water Session, 


Ground Water Session and General Session. 

The Distribution Session was introduced October 11 by Milwaukee's 
Mayor, Frank P. Zeidler. The response was given by Chairman James 
\. Snow, who then turned the meeting over to the session chairman, Frank 


(uimby. 

Joseph P. Schwada, city engineer of Milwaukee, presented the new 
\.W.W.A, specifications for the installation of cast iron water mains. He 
explained that the decision to omit mechanically jointed pipe from the 
specifications was made by the Water Works Practice Committee. 

Eugene |. Voelker, of Tomaro Contractors, discussed the laying of 
water mains from the standpoint of the contractor. He called attention to 
the desirability of submitting as much information as possible about the 
underground conditions which would be found, as it would reduce the 
margin for contingencies which the contractor ordinarily includes in his bid 

C. N. Ward, who was to give a paper on “The Design of Water Distri- 
bution Systems,” died about a week prior to the meeting, so that the time 


allowed for this paper was spent in a round-table discussion. A showing of 
hands was asked for, to ascertain the percentage of cities laying their own 


(Continued on page 52) 
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Three De Laval pumps installed 
in the South Side Distribution 
Center in the year 1946 for the 
purpose of boosting pressure 
during peak loads. Two are 
rated at 10 mgd, 160’ head, 


FLINT WILL INSTALL the third at 15 mgd, 160’ head. 
DE LAVAL PUMPS TO MEET INCREASED 
WATER DEMANDS 

Seven times in a row... 1918, 1921, 1923, 1924, 1930, 
1946, and now in 1949 the City of Flint, Michigan will 
install De Laval pumps to satisfy an ever increasing de- 
mand for water. Four low lift and two high lift pumps 
will be installed in Pumping Station No. 3 later this year 
and they will give the City of Flint a total capacity of 
352 mgd... all handled by De Laval pumps. 

Here, as in over 78 per cent of America’s cities, De 
Laval pumps have insured complete dependability and 
high sustained efficiency, year after year. When you are 
ready to install additional pumping capacity, specify 
DE LAVAL. 


Send for Catalog 10-8-JA 
DE LAVAL STEAM TURBINE CO., TRENTON 2, N. J. 


TURBINES + HELICAL GEARS + CENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMPS + WORM GEAR SPEED REDUCERS + IMO OIL PUMPS 
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(Continued from page 50) 
mains. Out of 38 represented, 21 cities laid their own mains and 17 had 
the work done by contractors ; although many of those who had work done 
by contractors furnished the material. It was further found that the price 
for digging, laying and backfilling a 6-in. pipe varied from as low as 60 
cents to $1.54 a foot 

The Surface Water Session was held on October 12 and presided 
over by Harold T. Rudgal. The first paper, entitled “The Electron 
Microscope and Its Possibilities in Control of Water Treatment,” was 
presented by John R. Baylis of Chicago (see p. 66). The “Develop- 
ment of Water Works Pumping Equipment” was presented by Grant M. 
Hinkamp of Milwaukee. This paper described the various types of equip- 
ment for pumping water, starting with the older type of horizontal and 
vertical reciprocating steam pumps with simple, compound and triple expan- 
sion engines and including the steam and motor-driven centrifugals. 

At a luncheon Wednesday noon, A.W.W.A. Secretary Harry Jordan 
gave a brief talk on standardization, and went on to suggest that the 
Wisconsin Section could increase its membership. 

The Ground Water Session was held on October 12 and presided 
over by Arthur P. Kuranz,. The program was the exact duplicate of 
the one prepared and presented at LaCrosse in 1948. At that time there 
was so much discussion from the floor when the session adjourned that 
both verbal and written requests were submitted to the officers and the 
Program Committee to repeat the program with the same papers and the 
same personnel. This was arranged, and W. |. Drescher’s discussion was 
an extension of his remarks made in LaCrosse; briefly summarizing the 
work already done and bringing the record up to date with the additional 
work of the past year. 

J. W. Gibb, etvil engineer with the Milwaukee County Regional Plan- 
ning Dept., discussed “Getting Water from the Ground,” and his paper was 
the foundation for the panel discussion which followed. He clearly pointed 


(Continued on page 34) 


PALMER 

AGITATORS 
Prevent Sand Beds From Cracking 
Eliminate Mud Balls 


Save Wash Water 
Lengthen Filter Runs 


Higher Rates of Filtration 


FLOC-ALATORS @ CONVEYORS @ PALMER SURFACE WASH SYSTEMS 
STUART CORPORATION, 516 N. Charles Street, Baltimore 1, Md. 
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JUST POUR 


THAT'S ALL 


Hydro-tite, the self-caulking, self- 
sealing, pipe-jointing compound, 
solidifies and hardens immediately 


without shrinkage. No caulking is 
necessary. Any slight seepage that 
may appear at first soon stops. 


For over thirty years Hydro-tite has 
proved its ability to stand up under 
all conditions of strain, vibration and 
pressure. Send for data book and 
sample. 


ALWAYS USE FIBREX 


The sanitary, bacteria-free packing 
that costs about 30% less than braid- 
ed jute. Send for sample. 
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out the necessity of having a professional engineer who is thoroughly 
familar with well drilling work draw up the specifications. He went on 
to enumerate the place that the State Geologists, the State Board of Health, 
the well drillers and the pump manufacturers play in the job of “Getting 
Water from the Ground.” 

The panel discussion which followed was participated in by E. F. Bean, 
State Geologist, who pointed out the assistance that the State Geological 
Survey could and was very willing to render to all those facing the problem 
of getting water from the ground and he urged professional engineers, 
municipalities, well drillers and all other parties interested in availing 
themselves of this service. H. KE. Wirth, assistant sanitary engineer of 
the State Board ot Health, explained very thoroughly the part the board 
could play in the proper development of both well specifications and the 
well itself, 

Joe I-gerer, well driller, provoked considerable thinking when he ex- 
pressed the well drillers’ viewpoint toward the well specifications and he 
cited in clear and certain terms the many points brought out in’ the 
specifications which were definitely unfair to the well drillers’ profession 


(Continued on page 56) 
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as he saw it; and that from his viewpoint, he would recommend that more 
attention be paid to the fairness in the interpretation of the work as the 
well drilling progresses. He took to task engineers and owners of wells 
who expected the well driller to take all of the responsibility, while the 
engineers and owners assumed little or none. 

Mr. Nelson, of the J. P. Miller Artesian Well Company, expressed the 
viewpoint of the pump manufacturers and here again he criticized the 
position which engineers and owners take toward the material, feeling that 
some leeway should be allowed in meeting specifications. Considerable 
stress was placed upon the point concerning the straightness and plumbness 
of the hole in which a pump was to be placed. 

Following this, a general discussion was in order and the floor re- 
sponded genuinely and generously. 

The entire session was briefly summarized by Oswald Muegge, State 
Sanitary Engineer, when he stressed very strongly the necessity of complete 
and thorough cooperation on a very free and mutual basis between all 
parties concerned. It was his feeling that if such a procedure were fol- 
lowed, much of the controversy which has been in evidence these many 
years would be minimized and, as a result, the ultimate owner (the cus- 
tomer) would receive the greatest benefit. 

In all, the session was a success; it was well attended and great interest 
was displayed. 

The General Session, which was devoted to the topic of rates, was held 
on October 13, and presided over by Thomas M. McGuire. Orville Deuel 
of the Wisconsin Public Service Commission presented a paper in which he 
outlined the procedures used by the commission in fixing rates. Preston A. 
Reynolds, rate analyst of Madison, discussed fire protection service charges, 
calling attention to the methods used in determining proper fire protection 
charges. A general discussion followed, largely centered around details of 
working out both general service and fire protection rates. Several of the 
cities in Wisconsin have had increases in water rates, with a minimum of 
objection on the part of the consumers because the increase in water rates, 
in general, is much less than the increase in other items of the customers’ 
budget 

It was noted that at the last session of the legislature the cost of 
fluoridation of city water was, by statute, determined to be a utility charge 
and the Public Service Commission was directed to consider this in fixing 
rates in those cities which were treating the public supply with fluorine. 

The banquet was held on Wednesday evening and was followed by a 
floor show. Approximately 250 were in attendance. 

L. A. 
Secretary-Treasurer 
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With a Dresser Repair Sleeve. 
On cast iron pipe, 4” to 8" in diam- 
eter, for splits, breaks or holes, use 
a Dresser Style 82 “Adjustable” Re- 
pair Sleeve. One man can make a 
permanent repair in a matter of 
minutes, using only a wrench. Sleeve 
is factory-assembled; no loose parts, 
no gaskets to cut and fit when sec- 
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onds count, no caulking. The spe- 
cially compounded Dresser gaskets 
afford a quick pack—a permanent 
seal. 

Note: The Dresser Style 82 Repair 
Sleeve also offers the most conveni- 
ent method for making a large tap 
off a small diameter main. 


ul 
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With Dresser Couplings. For 
breaks too long to be repaired with 
a sleeve, use Dresser Style 38 Cou- 
plings. Cut out a section of the pipe 
where the break occurs. Fit the 
couplings onto pipe ends. Put a new 
section in place. Bolt up the cou- 
plings. That’s all there is to it. 
Dresser’s resilient rubber gaskets as- 
sure a permanently tight repair . . . 
and guard against recurrence of the 


break by 


absorbing stresses and 
strains in the line. 


Note: This same procedure can 
be followed for cutting a new line 
into an old one, for inserting a valve 
into a line and for solving similar 
problems. 

Deraitep, Factuar Lirerature on 
how Dresser products can solve your 
water line repair and coupling prob- 
lems is yours for the asking. Write 
today. 


DRESSER] coveuscs ana enopvers 


Dresser Manufacturing Division, 59 Fisher Ave., Bradford, Pa. (One of the Dresser Industries) 
In Texas: 1121 Rothwell St., Houston + In Canada: 629 Adelaide St., W., 


Teronto 


Sales offices: New York, Chicago, Houston, San Francisco 
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(Continued from page 56) 

Alabama-Mississippi Section: The second annual meeting of the 
Alabama- Mississippi Section was held at the Heidelberg Hotel in Jackson, 
Miss., on October 19, 20 and 21. The total registration was 140, and 158 
persons attended the banquet on the second night of the meeting. 

The first morning was devoted to registration and provided time for 
informal conversation and exchange of greetings. Registration for the 42 
ladies attending was held on the mezzanine. The meeting was called to 
order by Baxter F. Wade, Chairman, who presided during the first day, 
and responded to the welcome offered by Mayor Allen C. Thompson. 

The technical session opened with an interesting and entertaining talk 
by Tip H. Allen, Canton, Miss., Municipal Utilities, on “The Trials and 
Tribulations of a Small Town Water Works Operator.” Discussion of this 
topic was led by E. M. Stickney, Mobile, Alabama. This paper was fel- 
lowed by a field inspection trip through the Jackson Water Works Plant. 

The Manufacturers Association and manufacturers’ representatives at 
tending the meeting were hosts that mght at a cocktail party and buffet 
supper in the Victory Foyer of the Hotel. 

The second morning of the meeting opened with George H. Godwin, 
Vice-Chairman, presiding. Arthur N. Beck of the Alabama State Board 
(Continued on page 60) 
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of Health gave an interesting talk on “The Relationship Between the State 
toard of Health and Public Water Supplies,” and there followed a discus- 
sion led by H. A. Kroeze, director, Mississippi Division of Sanitary Engi- 
neering, and W. EF. Hooper, Shefheld, Ala. C. W. White of the Alabama 
State Board of Health gave a timely paper on “Filtration Plant Problems 
and Chemical Removal of Manganese Deposits From Filters,” and the 
discussion from the floor was led by Clarence D. Lamon, and Wilham 0. 
Mullins 

The afternoon session with Arthur N. Beck, Past-Chairman, presiding, 
opened with an interesting paper by A.W.W.A. Vice-President W. Victor 
Weir on the important topic of “Distribution System Operation and Main- 
tenance.” There followed a discussion from the floor led by Clifton C. 
Williams of the Mobile Water Works and Marion G. Stewart of the 
Natchez, Miss., Water Works. The next feature of this afternoon session 
was a paper on “Selection and Maintenance of Water Meters” by Jens I. 
Duus, Rockwell Manufacturing Co., and discussion of this paper was led 
by Elmer L.. Myers, Jackson, Miss., Water Works and R. M. Striger of 


Feemster and Striger, Tupelo, Miss. 


(Continued on page 62) 
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TO FEED DRY CHEMICALS 
FOR WASTE TREATING AND 
WATER CONDITIONING 


PPEELCO’S recent 8-page Bulletin No. 215 

gives you valuable up-to-the-minute data 
on how you can feed dry chemicals with 
greater accuracy and efficiency. It contains 
detailed descriptions, pictures, drawings, 
charts and tables covering the new Type E 
Dry Chemical Feeder . . newest development 
of our research staff. The E is an outstanding 
achievement made possible by more than a 
quarter century of experience in the design 
and manufacture of chemical feeding equip- 
ment. Here, at last, is a simple, compact unit 
capable of feeding many millions of pounds 
of chemicals with unvarying accuracy and 
low upkeep cost. Sturdy and dustless in oper- 
ation, the E is made for either constant or 
automatic proportional feeding. Get complete 
information. Write for Bulletin No. 215, 
NOW! No cost or cbligation is involved! 
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The Annual Banquet was held the second night in the Rose Room of 
the Heidelberg Hotel. Eugene F. Bespalow, Memphis, Tenn., was a 
superb Master of Ceremonies. W. Victor Weir gave an interesting and 
entertaining talk on A.W.\V.A. affairs, and commented on the fast growth 
of the Alabama- Mississippi Section. 

The final day of the meeting was begun by R. M. King, Layne-Central 
Co., Memphis, Tenn., who gave a most enlightening paper on “The Installa- 
tion and Operation of Vertical Turbine Pumps,” and a discussion was led 
by J. H. Pepper. The next highlight on the program was a paper by 
Sidney J. Mohr Jr., Montgomery, Ala., on the important subject of “Financ- 
mg Water Works Construction,” and discussion was led by William E. 
Johnson. 

A feature of the technical sessions was the spontaneous, instructive and 
interesting discussions following each paper and address. It is felt that the 
success of our meeting was due to our excellent speakers and the enthusiastic 
discussions which followed these papers. Another feature which received 
favorable comment was the exhibits. Seven of these were well received by 
the whole group 

In addition to attending the buffet supper and banquet, the ladies were 
entertained during the meeting by a theater party, a motor trip through the 
city, visit to antique shops, bridge games, and a luncheon at Le Fleur’s. 
J. L. Snow 


Secretary-Treasurer 


Virginia Section: The Sixteenth Annual Conference of the Virginia 
Section, held at Hotel Roanoke, October 24-25, will be remembered by all 
as a most instructive and entertaining conference. The total of 228 mem- 
bers and guests present exceeded attendance at any previous conference. 
On Monday morning an inspection trip through the shops of the 
Norfolk & Western Railroad was made by a majority present. This rail- 
road company builds all of its steam locomotives and each step of construc- 
tion was demonstrated on the inspection tour. Other inspection trips ar- 
ranged were visits to the Salem water treatment plant and to the Carvin’s 
Cove water plant of Roanoke. The Salem plant had been increased in 
capacity from 1 to 2 mgd. and includes an upflow type of clarifier-softening 
unit. This plant has only been in operation one month since the additions. 
The technical sessions, presided over by Chairman Silcox, were well 
attended and interest in papers was demonstrated by the discussions follow- 
ing the speakers’ presentations. The program was opened by James Carns, 
engineer from the American Water Works Co., Inc., New York, who spoke 
on “Aids in Laying Pipe by Mechanical Means.” He showed a film illus- 
trating a recent type of excavation mobile unit, which will be on the market 
within the next few months. This unit has the advantage of going under 


(Continued on page 64) 
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its own power from job to job and its usefulness for many operations is 
one of its many attractions. 

The final paper of the afternoon was given by L. L. Hedgepeth, tech- 
nical consultant of the Caleo Chemical Div., American Cyanamid Co., 
sound Brook, N.J. The technical session resumed on Tuesday morning 
with the presentation of three motion pictures: “Underground Arteries,” 
“Submersible Deep Well Pump and Motor” and “Air, Water and Indus- 
try.” Prof. Charles Renn of Johns Hopkins University gave a most inter- 
esting lecture and demonstration entitled “Slugs of Bugs.” 

The final paper on the morning program, entitled “Applying A.W.W.A. 
Well Standards,” was by Paul Schweitzer, president of the Layne-Atlantic 
Co., Norfolk. The afternoon session resumed with a paper by Kenneth 
Carl, engineer of the National Board of Fire Underwriters, New York, 
entitled “Water Supply for Fire Protection in Growing Municipalities.” 
This paper evoked much discussion and debate, particularly on the require- 
ments for small communities. The N.B.F.U. only makes surveys of cities 
and towns of 25,000 population or greater. 

A panel discussion on “Policies of Providing Water Service Beyond 
Corporate Limits of Towns and Cities’ was conducted by C. E. Moore, 
manager of the Roanoke Water Dept., with X. D. Murden, Portsmouth ; 
H. E. Lordley, Richmond ; R. D. Wright, Lynchburg; and R. L. Morrison, 
Bristol. This panel discussion brought out the most lively expressions 
from the floor ever heard in a Virginia Section conference. 

The annual banquet, always a highlight of the meeting, was held Mon- 
day night in the ballroom of the hotel. The group was entertained by 
Frank Angel, a one-man show, who seemed to have an endless repertoire 
of tales and jokes. Following the banquet session and the light entertain- 
ment, the group adjourned to the Pine Room of the hotel where a bingo 
party was hela. The many ladies present were entertained by a luncheon 


and card game on Monday. 


W. H. SHEWBRIDGE 


Secretary-Treasurer 


Kentucky-Tennessee Section: The joint meeting of the Kentucky- 
Tennessee Section and the Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. at Lexington, Ky., October 31-November 2, set a 
new record for attendance, with a total of 242, including 44 ladies, officially 
registered for the sessions. The program included two days of technical 
sessions followed by separate inspection trips for the two associations on 
the third morning 

A joint session of the two groups was held on the opening day, pre- 
sided over by A.W.W.A. Chairman Lois Sutherland and IW&SWA 
Chairman Grant S. Bell. After an opening address by Mayor Tom G., 


(Continued on page 66) 
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GENERAL CHEMICA 


“ALUM” 


WATER experts agree—‘“alum” is the preferred coagulant for the 


removal of turbidity, color and other impurities in the water . and 


General Chemical Aluminum Sulfate is the preferred “alum.” 


SEWAGE experts agree—“alum” is preferred for the clarification ot 
sewage because it flocs out the suspended solids and colloids . . . and 


General Chemical Aluminum Sulfate is the preferred “alum.” 


THE REASON: For over 50 years, General Chemical Aluminum Sulfate 
has been processed to meet the most rigid chemical and physical speciti- 
cations, Its quality. uniformity. and reliability are preferred by most cities 


the nation over. For your operations, specify General Chemical “Alum” 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices: Aibany + Atlanta Baltimore - minaham Bestem Bridg 
Kuffalo Charlotte - cago les Detroit Houste 
Kansas City «+ Law k + Philadelphia 
Pittsburgh Port i ‘ . ranciaco Seattle 
st , . che apd im Wasl 
In Wisconsin: General Chemical Company, ly Milwaukee, Wis 
Canada: The Nichols Chemical Company Limited - « Toreste « Vancouver 
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Mooney of Lexington and a response by G. R. Kavanah, A.W.W.A. Past 
Chairman, a paper entitled “What the A.W.W.A. Can Do for Operators 
and Superintendents of Small Systems” was presented by A.W.W.A. Vice- 
President W. Victor Weir. W.H. Wisely, F.S.W.A. Executive Secretary, 
related the “Experiences of a Sewage Plant Operator in Public Relations.” 

The afternoon session opened with a paper on “Investigations on Radio- 
active Waste Disposal in Relation to Water and Sewage Treatment,” pre- 
pared by O. R. Placak and Roy J. Morton of the Oak Ridge National Lab., 
Oak Ridge, Tenn. The session was concluded by a panel discussion on 
“Financing Water and Sewerage Improvements.” W. Howard Hopkin 
discussed the “Financier’s Standpoint”; “What to Expect From Your 
Consulting Engineer” was presented by L. H. Clouser ; and the “Municipal 
Viewpoint” was presented by L. S. Vance for Kentucky and Arthur L. 
Dow for Tennessee 

E. FE. Jacobson presided over the Tuesday morning session of the 
\.W.W.A. section which was opened by a discussion of the “Occurrence 
of Ground Water in Kentucky and Tennessee” by geologists from both 
states. A panel discussion on “Changes in Water Rate Structures to Keep 
Pace With Increasing Production Costs” was held, and R. W. Williamson 
charted the current trends in production costs for small plants while Charles 
|.. Crangle presented data showing recent changes in water rates and needs 
for further rate adjustments. M. L. West concluded with some sound 
advice on computing adequate rate structures. The morning session was 
concluded with a paper by R. T. Hosmon on the “Effect of Consumer 
Meters on Consumption and Revenue.” 

The afternoon session, H. N. Jernigan presiding, began with a paper 
on “Cathodic Protection of Tanks,” prepared by Martin S. Roberts wt, 
who outlined the theory and various types of cathodic protection devices 
and certain variables to be considered in the design of installations. — -lwood 
Farra’s paper on “Leak Surveys and Detection” was concerned with checks 
and controls which can be utilized by the small as well as large water sys 
tems. The Board of Experts successfully handled numerous questions on 


“Operating Problems of Small Plants and Systems.” The questions cov- 


ered practically the entire field of water works practice and dealt with such 
varied topics as filter media and termites in remote control cables. 

On Wednesday morning the Section visited the Lexington water plant 
and the tour was concluded by a buffet iuncheon. 

The ladies entertainment committee, headed by Mrs. J. K. Latham, 
conducted a tour of Central Kentucky Horse Farms and a bridge luncheon 
to provide recreation for the large number of wives in attendance. General 
entertainment included a cocktail hour on Monday night and a dinner dance 
at the Lexington Country Club Tuesday evening. 

R. P. FARRELL 
Secretary-Treasurer 


ail 
‘ 
- 
H 
| 


JOURNAL A.W.W.A. 67 


Jan. 1950 


WABASH DOUBLE-LID 
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for MAXIMUM 
PROTECTION from frost 


The Wabash Cover was designed to provide 
the utmost in frost protection for pit water 
meters. Two lids, with a 4” dead air space 
between, add extra insulation. Notice also, 
the extra depth and the sloping skirt that g 
help hold heat loss to a minimum. 


Top lid is inset and locked with the patented 
Ford Lifter Worm Lock. There is no finer 
meter setting protection. 
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Acidizing of Water Wells: 

Dowell Incorporated 

Activated Carbon: 

Industrial Chemical Sales Div. 

Aerators (Alr Diffusers): 

Infiico, Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 

Alr Compressors: 

DeLaval Steam Turbine Co. 

Worthington Pump & Mach. Corp. 

Ailr-Lift Pomping Sy«tems: 

Worthington Pump & Mach. Corp 

Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div, 

General Chemical Div. 

Stuart Corp. 

Ammonia, Anhydrous: 

General Chemical Div. 

Ammonta Receivers: 

Worthington Pump & Mach. Corp. 

Ammontators: 

Everson Mig. Corp. 

Proportioneers, Inc 

Wallace & Tiernan Co., Inc 

Brase Goods: 

American Brass Co. 

M. Greenberg's Sons 

Hays Mig. Co 

ames Jones Co, 

Mueller Co 

A. P. Smith Mfg. Co 

Carbon Dioxide Generators: 

Infilco, Inc 

Walker Process Equipment, Inc 

Cathodle Protection: 

Dowell Incorporated (magnesium 
anodes ) 

Electro Rust-Proofing Corp 

Cement Mortar Lining: 

Centriline Corp 

Warren Foundry & Pipe Corp 

Chemical Cleaning of Water 
Maines: 

Dowell Incorporated 


Chemical Feed Apparatu«-: 

Belico Industrial Equipment Div., 
Inc 

Builders- Providence, Inc. 

Everson Mfg. Corp. 

Infileo, Inc 

Omega Machine Co. (Div., Build- 
ers Iron Fdry.) 


Permutit Co 

Proportioneers, Inc. 

Koss Valve Mfg. Co. 

Simplex Valve & Meter Co 

Wallace & Tiernan Co., Inc. 

Chemical Seale Removal Serv- 
lees: 

Dowell Incorporated 

Chemists and Engineers: 

(See Prof, Services, pp. 24-27) 

Chiorination Equipment: 

Everson Mig. Corp. 

Proportioneers. Inc 

Wallace & Tiernan Co, Inc 


Chiorine Comparators: 
Hellige, Inc 
Klett Mig. Co. 


LaMotte Chemical Products Co 
Proportioneers, Inc. 
Watlace & Tiernan Co., Inc 
Chiorine, Liquid: 
Solvay Sales Div 
Wallace & Tiernan Co., Inc 
Clamps and Sleeves, Pipe: 
B. Clow & Sons 

resser Mig. Div 

M. Greenberg's Sons 
ones Co. 

ensselaer Valve Co. 
A. P. Smith Mig. Co. 
Clamps, Bell Joint: 
James B. Clow & Sons 
Dresser Mfg. Div. 

Clamps, Pipe Repair: 
ames B. Clow & Sons 

lresser Mig. Div. 
Warren Foundry & Pipe Corp 
Clarifiers: 

Belt Co, 
Dorr Co 


Permutit Co. 

Walker Process Equipment, 

Cleaning Water Mains: 

Flexible Underground Pipe 
ing Co 

National Water Main Cleaning Cx 
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Clean 


Cocks, Curb and Corporation: 
Cr 


Hays Mfg 

James Jones Co, 

A. P. Smith Mfg. Co 

Compressors, Portable 

Worthington Pump & Mach. C 

Condensers: 

United States Pipe & Foundry Co 

Contractors, Water Supply: 

Layne & Bowler, In 

Controllers, Liquid Level, 
Kate of Flow: 

Builders- Providence, 
ihico, nc 

Simplex Valve & Meter Co 

R Sparling 

Copper Sheets: 

American Brass Co. 

Copper Sulfate: 

General Chemical Div 

Corrosion Control: 

Calgon, Inc. 

Couplings, Flexible: 

DeLaval Steam Turbine Co. 

Dresser Mig. Div. 

Fairbanks, Morse & Co 

Philadelphia Gear Works, Inc 

Dechlorinating Agent: 

Virginia Smelting Co. 

Diaphragms, Pump: 

Dorr Co 

Proportioneers, Inc. 

Engines, Hydraulic: 

Ross Valve Mig. Co. 

Engineers and Chemi«t«; 

(See Prof. Services, pp. 24-27) 

Feed Water Treatment: 

Calgon, Inc 


wp 


Inc 


Hungerford & Terry, Inc. 
Infileo, Inc 
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Index of Aduertisers’ Products 


Filter Materials: 

Anthracite Equipment Corp. 

Infilco, Inc 

Northern Gravel Co. 

Filters, incl. Feed Water: 

Belco Industrial Equipment Div., 
Inc. 

Dorr Co. 

Everson Mfg. Corp. 

Infilco, Inc 

Permutit Co. 

Roberts Filter Mig. Co. 

Ross Valve Mig. Co 

Walker Process Equipment, Inc. 

Filtration Plant Equipment: 

Builders-Providence, Inc. 

Chain Belt Co. 

Hungerford & Terry, Inc. 

Infilco, Inc. 


Omega Machine Co. (Div., Build 
ers Iron Fdry.) 
Roberts Filter Mig. Ce 


Stuart Corp 
Walker Process Equipment, Inc 


Welsbach Corp Ozone Processes 
Div. 

Finders, Pipe: 

Jos. G. Pollard Co., Inc 


Fish Screens: 
Electric Fish Screen Co. 


Fittings, Copper Pipe: 


Dresser Mig. Div 
M. Greenberg's Sons 
Hays Mig. Co 


James Jones Co. 

Fittings, Tees, Ell«, ete.: 
Cast Iron Pipe Research Assn 
James B. Clow & Sons 
Dresser Mfg. Div. 

James Jones Co 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 


United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp 

R. D. Wood Co 

Floceulating Equipment: 
Chain Belt Co. 

Dorr Co 

Infil Inc. 


Stuart Corp 


Walker Process 


Furnaces: 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Furnaces, Joint Compound: 

Northrop & Co., Inc. 

Gages, Liquid Level: 

Builders-Providence, Inc. 

Infilco, Inc. 

Simplex Valve & Meter Co 

Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Builders-Providence, Inc. 

Infilco, Inc. 

Northrop & Co., Inc. 

Simplex Valve & Meter Co. 

R. W. Sparling 

Gasholders: 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co 

Gaskets, Rubber Packing: 

Northrop & Co., Inc. 


Equipment, Inc 
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BUILDERS FILTER OPERATING TABLES are a credit to the 
modern waterworks. These attractively-styled tables combine complete 
information on filter operating conditions with positive controls for 
adjusting the flow rates. As a double assurance of proper adjustments, 
clearly-labeled valve position indicators are located at each operating 
handle. For complete information on centralized filter operating equip- 
ment that’s both attractive and effective, address Builders-Providence, 
Inc., (Division of Builders Iron Foundry), Providence 1, Rhode Island. 


BUILDERS PRODUCTS 


The Venturi Meter * Propelofio and Orifice Meters * Kennison Nozzles 

Venturi Filter Controllers and Gauges * Conveyoflo Meters * Type M and 

Flo-Watch Instruments * Wheeler Filter Bottoms * Master Controllers 

Chlorinizers — Chlorine Gas Feeders * Filter Operating Tables * Manometers 
Chronoflo Telemeters 


BUILDERS-= PROVIDENCE 
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Gates, Shear and Stuice: 
Armco Drainage & Metal Products, 


In 
R. D. Wood Co 
Gears, Speed Reducing: 
DeLaval Steam Turbine Co 
Philade|phia Gear Works, Inc 
Glass Standards—C olorimetric 
Analysis Equipment: 
Hellige, In 
Klett Mig. Co 
LaMotte Chemical Products Co 


Photovolt om 
Wallace & Tiernan Co., In 
Goosenecks (with or without 


Cerperation Stops): 
Hays Mig. Co 
Jones Co 
P. Smith Mfg. Co 
see Zeolite 
Hydrants: 


James B. Clow & Sons 

M. Greenberg's Sons 

James Co 

Kennedy Valve Mfg. Co 

John C. Kupferie Co 
Ludlow Mig. Co, 
Mueller Cy 

. Smith Miz. Co 


Rensselaer Valve Co 
Ross Valve Mfg. Co. 
kK. D. Wood Co 
Hydrogen lon Equipment: 
Hellige, Inc 
TaMotte Chemical 
Photovolt Corp 
Wallace & Tiernan Co., 
Iron Removal Piants: 
American Weil Works 
Belco Industrial Equipment 


Products Co 


Inc 


Div., 


ne. 
Chain Beit Co 
Hungerford & Terry, 
Infilco, Inc 
Vermutit Co 
Roberts Filter Mig. Co 
Walker Process Equipment, 
Welsbach Corp., Ozone Processes 
Div 
Jointing Materials: 
Atlas Mineral Products Co 
Michael Hayman & Co., Inc. 
Hydraulic Development Corp 
leadite Co, Inc 
Northrop & Co., Inc. 


Joints, Mechanical, Pipe: 
Carson-Cadillac Co 

Cast Iron Pipe Research Assn 
Central Foundry Co 

lames B. Clow & Sons 
Dresser Mig. Div 

United States Pipe & Foundry 
Warren Foundry & Dipe Corp 
R. D. Wood Co. 


Time Slakers and Feeders: 

Dorr Co 

Infileo, Inc 

Omega Machine Co 
ers Iron Fadry.) 


Inc. 


(Div., Build- 


Magnesium Anodes (Corrosion 
Contrel): 

Dowell Incorporated 

Manometers, Rate of Fiow: 

Builders-Providence, Inc 

Meter Boxes: 

merete Works 

Meter Box Co 

Pittsburgh Equitable Meter Div 

Meter Couplings and Vokes 

Kadger Meter Mig. Co. 

Mie Div 


Ford Meter Box Co 
Mig. Co 


Hays 


ADVERTISERS’ 


Hersey Mig ¢ 

James Jones Lo 

Mueller 

Neptune Meter Co 

Pittsburgh Equitable Meter Div. 
4 FP Smith Mig. Co 
Worthington Gamon Meter Co 


Meter Keading and Recor: 
Books: 
Badger Meter Mig. 


Buffalo Meter Co. 


Meter Testers: 

Badger Meter Mig. Co. 

Ford Meter Box Co. 

Hersey Mig. Co 

Neptune Meter Co 

Pittsburgh Equitable Meter Div 


Co. 


Meters, Domestic: 
Badger Meter Mig. Co 
Buffalo Meter Co. 
Hersey Mig. Co 


Neptune Meter Co 

Pittsburgh Equitable Meter Div 
A. P. Smith Mfg. C 

Well Machinery & Supply Co 
Worthington-Gamon Meter ¢ 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc 

Infileo, Inc 

Simplex Valve & Meter Co 

R, W. Sparling 


Meters, Industrial, Commer 

elal: 
Kadger Meter Mig. Co 
Buffalo Meter Co. 
Builders- Providence, 
Hersey Mfg. Co 
Neptune Meter Co 
Pittsburgh Equitable com Div 
simplex Valve & Meter © 
Smith Mfg. Co 

WwW Sparling 

Well Mac hinery & Supply ¢ 
Worthington-Gamon Meter Co 


Inc 


Mixing Equipment: 


Kelco Industrial Equipment Div., 
Chain Belt Co, 

Infileo, Inc 

Walker Process Equipment, In 


Ozonation Equipment: 
Welsbach Corp., Ozone 
Div. 

Pipe, Asbestos-Cement: 
Johns-Manville Corp 
Keasbey & Mattison Co. 
Pipe, 
Americ 


Processe 


Brass: 
an Brass Co. 


Pipe, Cast Iron (and Fittings) : 
American Cast Iron Pipe ¢ 

Cast Iron Pipe Research P ete 
Central Foundry C 

James B. Clow & Sons 

United States Pipe & Foundry ( 
Warren Foundry & Pipe Corp 

R. D, Wood Co. 


Pipe, Cement Lined: 


Cast Iron Pipe Research Assn 
Central Foundry Co 

James B. Clow & Sons 
Preload Ipanies The 


United States Pipe & Foundry Co 
Warren Foundry & Pipe Cor 

R. D. Wood Co 

Coatings and Linings: 
The Barrett Div 


Cast Tron Pipe Research Assn 
Centriline Corp 
Koppers C Ine 


PRODUCTS INDI 


Worthington Pu 


milly Chemical 
Warren Foundry & Pipe Corp. 
Pipe, Concrete: 
American Pipe & ¢ 


Lock Joint Co. 


Pipe, Copper: 
American Brass Co. 


nstruction Co 


Pipe Cutting Machines: 
Ellis & Ford Mig. Co 

los. G. Pollard Co 4 Inc. 

\ mith Mig. Co 


Pipe Jointing Materials: 
(See Jointing Materials) 


Pipe, Steel: 

Armco Drainage 
Inc. 

Bethlehem 


& Meta! Products, 


Stee! Co. 


Plugs, Removable: 
James B. Clow & Sons 
Jos. G. Pollard Co., Inc 
A P. Smith Mi Co 
Warren Foundry & Pipe Corp. 
Potentiometers: 

lellige, In 


Vressure Kegulators: 
Koss Valve Mfg. Co. 


Koller Feed: 
Steam Turbine 

Morse & Co 
Food 


lumps, 
DeLava! 
Fairbanks 
eerless Pump Div., 

Machinery Corp. 


Co. 


Pumps, Centrifugal: 
American Well Works 
DeLaval Steam 1 bine Co 
Economy Pumps, Inc. 
Fairbanks, Morse & Co 
Peerless Pump Div., Food 


Machinery Corp. 


Pumps, Chemical Feed: 


Infilco, Inc 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 

Pumps, Deep Well: 

American Well Works 

Fairbanks, Morse & Co 

Layne & Bowler. In 

Peerless Pump Div., Food 
Machinery 


Worthington seen & Mach C 
Diaphragm: 


wp 
Pumps, 
Dorr Co 


Proportioneers, Inc. 


Pumps, Hydrant: 
Jos. G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Fairbanks, Morse 
Ross Valve Mfg Co 
umps, Sewage: 
DeLaval Steam Turbine Co 
Economy Pumps, In 
Fairbanks. M e & ( 
Peerless Pump Div., Food 
Machinery Corp 
Sump: 
DeLaval Steam Turbine Co 
onor ny Pumps, Inc 
Fairbank More & Co 


Machinery Corp 


Pumps, Turbine: 

Del al Steam Turbine Co 

Fairbanks, Morse & 

Layne wler. Inc 

Peerless p Div 
( 


rp 


mp & Mach Corp. 
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for BETTER SERVICE use M&H 


Hydrants, Valves 


and pipe line accessories 


Hub Ends, 
Mechanical Joint, 
Flanged or 
Screwed. 


M&H 
Products 
Include— 


FIRE HYDRANTS 
GATE VALVES 
TAPPING VALVES 
WALL CASTINGS 
SPECIAL CASTINGS 
TAPPING SLEEVES 
CHECK VALVES 
FLOOR STANDS 
EXTENSION STEMS 
SHEAR GATES 
MUD VALVES 
VALVE BOXES 
FLAP VALVES 
SLUDGE SHOES 
FLANGE AND FLARE 
FITTINGS 
FLANGED FITTINGS 
B & S FITTINGS 
CUTTING-IN TEES 


VALVES: A.W.W.A. type, iron HYDRANTS : Standard A.W.W.A. 


body, bronze mounted with double 
disc paralle| seat or solid wedge type. type aggeoved by Underwriters end 
Non-rising stem, outside screw and Factory Mutuals. Dry top, revolving 


yoke, or with sliding stem and lever. head, easy to lubricate. High effi- 
Also furnished hydraulically operated. ciency because barre! diameter not 
Square bottom type operates in any 

position. All rugged and dependable, reduced and there are no working 


made of best material with highest parts or obstructions in waterway. 
quality workmanship. 


FOR WATER WORKS AND SEWERAGE WORKS 


MATERIALS, WRITE FOR CATALOG NO. 32 
FOR PROTECTION MA S, 
i WRITE FOR CATALOG NO. 40. 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 
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Kecorders, Gas Density CO:, 
80, ete.: 
Permutit Co 


Wallace & Tiernan Co., Inc. 


Recording Instruments: 
Builders- Providence, Inc. 
Infilco, Inc 

R. W. Sparling 

Wallace & Tiernan Co., Inc. 


HKeservoirs, Steel: 
Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co 


Sand Expansion Gages: 

(See Gages) 

Sleeves: 

(See Clamps) 

Sleeves and Valves, Tapping: 
James B. Clow & Sons 

Mueller Co 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co 

Sludge Blanket Equipment: 
Permutit Co. 

Seda Ash: 

Solvay Sales Div. 

Sedium Hexametaphosphate: 
Calgon, Inc. 

Softeners: 


Belco Industrial Equipment Div., 
ne. 

Dorr Co. 

Hungerford & Terry, Inc. 

Infileo, Inc. 


Permutit Co, 
Koberts Filter Mfg. Co 
Walker Process Equipment, Inc. 


Softening Chemicals and Com- 


ounds: 
Calgon, Inc. 
Infiico, Inc. 


Permutit Co, 


Standpipes, Steel: 
Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co 


Steel Plate Construction: 
Kethiehem Steel Co. 

Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co. 


Storage Tanks: 

Hethlehem Steel Co. 

Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co 


Strainers, Suction: 
M. Greenberg's Sons 
R. D. Wood Co. 


Sulfur Dioxide, Liquid: 
Virginia Smelting Co. 


Surface Wash Equipment: 
Permutit Co, 
Stuart Corp. 


Swimming Pool Sterilization: 

Belco Industrial Equipment Div., 
In 

Everson Mig Corp 

Omega Machine Co, (Div., Build- 

ers Iron Fdry.) 


ADVERTISERS’ PRODUCTS INDEX 


Proporti neers, Inc 

Wallace & Tiernan Co., Inc 

Welsbach Corp., Ozone Processes 
Div. 


Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co 
Pittshurgh-Des Moines Steel Co 


Machines: 
Hays Mig. Co. 
Mueller Co 

A. P. Smith Mfg. Co. 


Taste and Odor Removal: 

Industriai Chemical Sales Div 

Infileo, Inc. 

Proportioneers, Inc. 

Walker Process Equipment, Inc 

Wallace & Tiernan Co., In 

Welsbach Corp., Ozone Processes 
Div. 


Telemeters, Level, Pump Con- 
trol, Rate of Fiow, Gute 
Position, ete.: 

Builders-Providence, Inc. 


Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Hellige, Inc 

Wallace & Tiernan Co., Inc. 


Turbines, Steam: 
DeLaval Steam Turbine Co. 


Turbines, Water: 
DeLaval Steam Turbine Co. 


Valve Boxes: 
Central Foundry Co. 
James B. Clow & Sons 
Ford Meter Box Co. 
Rensselaer Valve Co. 
A, P. Smith Mfg. Co. 
R. D. Wood Co. 


Valve Inserting Machines: 
A. P. Smith Mfg. Co. 


Valves, Altitude: 
Ross Valve Mig. Co., Inc 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Viug: 

James B. Clow & Sons 

M. Greenberg's Sons 

Rensselaer Valve Co. 


R. D. Wood Co, 


Valves, Detector Check: 
Hersey Mig. Co. 


Valves, Electrically Operated: 
James B. Clow & Sons 

Kennedy Valve Mfg. Co. 
Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 


A. P. Smith Mfg. Co. 


Vaives, Float: 
Ross Valve Mfg. Co., Inc. 


Valves, Gate: 
Dresser Mig Div. 
James Jones Co. 
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Kennedy Valve Mig. Co 
Ludlow Valve Mig. Co. 

M & H Valve & Fittings Co 
Mueller Co 

Rensselaer Valve Co. 


A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Hydraulically Oper- 
ated: 


James B. Clow & Sons 
Kennedy Valve Mig. Co 
Philadeiphia Gear Works, Inc 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Large Diameter: 
James B. Clow & Sons 
Kennedy Valve Mfg. Co 
Ludlow Valve Mfg. Co. 
Rensselaer Valve Co 

A. P. Smith Mfg. Co 

R. D. Wood Co. 


Valves, Regulating: 
Ross Valve Mig. Co 


Valves, Swing Check: 
James B. Clow & Sons 
M. Greenberg's Sons 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Waterproofing 
Inertol Co., Inc. 


Water Softening Plants: 
(See Softeners) 


Water Supply Contractors: 
Layne & Bowler, Inc. 


Water Testing Apparatus: 
Hellige, In 

LaMotte Chemical Products Co 
Photovolt Corp 

Wallace & Tiernan Co., Inc 


Water Treatment Plants: 

American Well Works 

Chain Belt Co 

Chicago Bridge & Iron Co 

Dorr Co. 

Everson Mfg. Corp. 

Hungerford & Terry, Inc. 

Infilce, Inc. 

Pittsburgh-Des Moines Steel Co 

Roberts Filter Mig. Co 

Stuart Corp 

Walker Process Equipment, Inc 

Wallace & Tiernan Co., Inc 

Welsbach Corp., Ozone Processes 
Div. 


Well Acidizing: 
Dowell Incorporated 


Well Drilling Contractors: 
Layne & Bowler, Inc 


Wrenches, Ratchet: 
Dresser Mfg. Div. 


Zeolite: 

Hungerford & Terry, 
Infilco, Inc 

Permutit Co. 

Roberts Filter Mig. 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 
the 1948 Membership Directory 
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Warren Cast fron Pipe and Fit- 
tings can be supplisd in aff sixes 
2" $9 84" with types of 
and in ancordenée with Staaderd — 


“Warren 


BELL & SPIGOT 
PIPE 


FLANGE PIPE 


MECHANICAL 
JOINT PIPE 


FLEXIBLE 
JOINT PIPE 


SHORT BODY 
BELL & SPIGOT 
SPECIALS 


55 Liberty Street 
New York 5, N.Y. 


& Corp. 


SPECIFY 
“WARREN 
PIPE” 


Jan. 1950 i3 
PROBLEMS 
Take cdventage of our te 
WARREN PIPE CO. of MASS 


The same fect was 
Lynbrook, L. 1. 
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DEMAND FOR WATER 
PETTERS ECONOMY 


National Survey Shows High 
and Unplanned Rises, With 
a Lopsided Distribution 


The United States faces 
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economic losses in the renner 4 
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‘Pittsburgh Equitable Meter Division 
ROCKWELL MANUFACTURING 0G) 


PITTSBURGH 8, PA. 


wwe Water 
to REAM somes 
All | 
Crises 
| M 
Many Parts¢ 
= ation cessive increases in the use of 
The nation’ ment of ground water 
Stary Motoring 
— Pittsburgh Son Francisco Seattle 


“Hey, Joe! Did you ever see a $100 bolt?” 


JOE: “What d’ya mean, a_ hundred- 
dollar bolt?” 


GUS: “Just what | said. We're raising 
Number 3 Gate just now and _ this 
anchor bolt let go.”’ 


JOE: “But we put that gate in less than 
two years ago, and. 


GUS: “Yeah, I know. But we used ordi- 
nary bolts and this one’s already rusted 
through. It'll cost at least a hundred 
bucks to take that gate out, dig the old 
bolt out of the concrete and set a new 
one in,”’ 


JOE: ‘I guess it will, But from here out 
we don’t make that mistake twice. 
From now on everything that goes in 
is Everdur.”’ 


Most sewage and waterworks engineers hove 
discovered that the most economical way to lick 
the corrosion problem in their plants is to use 
Everdur*—ANACONDA's copper-silicon group of 
alloys. There are plants where equipment made 
oi Everdur has been doing it for over 22 years. 

It you don't already know about Everdur, let us 
te!! you obout its high strength, durability and how 
easy it is to fabricate it into lightweight, low-cost 
wrought assemblies. Just ask for the Everdur 
booklets. Let our Technical Department counsel you 
on ony special problems or applications. Write to 
The American Brass Compony, Waterbury 20, 
Connecticut. In Canada: Anaconda American Brass 
itd., New Toronto, Ontario. 170 


Where corrosion resistance counts—use Everdur 


"Reg. U.S. Pat. Off. 


NACONDA 


copper-silicon alloys 
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Jointed 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—-but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 


Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75"; 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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